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SUMMARY 
O p e r a t i o n a l t e s t i n g i s a n i n t e g r a l p a r t o f t h e m a t e r i e l a c q u i s i t i o n 
c y c l e i n t h e Army p r o c u r e m e n t p r o c e s s . I t i s o r i e n t e d t o w a r d s t h e 
e v a l u a t i o n o f a d e v e l o p m e n t a l i t e m u n d e r r e a l i s t i c c o n d i t i o n s a s p a r t o f 
a n a c t u a l t r o o p u n i t . T h e t e s t d e s i g n p h a s e i s a n e s s e n t i a l e l e m e n t o f 
o p e r a t i o n a l t e s t i n g . 
I n o r d e r t o f a c i l i t a t e t h e s e l e c t i o n o f m e a s u r e s o f e f f e c t i v e n e s s 
used i n these tests, the c r i t i c a l attributes w h i c h "best" discriminate 
between a c c e p t a b l e a n d u n a c c e p t a b l e s y s t e m s o r s u b s y s t e m s n e e d t o b e 
i d e n t i f i e d . T h i s t h e s i s a d d r e s s e s a method w h i c h p r o v i d e s a b a s i s f o r 
t h e s e l e c t i o n o f t h e s e c r i t i c a l a t t r i b u t e s . Once t h e s e a t t r i b u t e s a r e 
i d e n t i f i e d , t h e t e s t d e s i g n e r s o f s u b s e q u e n t o p e r a t i o n a l t e s t s may u s e 
t h i s i n f o r m a t i o n t o a s s i s t them i n t h e t e s t d e s i g n p h a s e . 
The c u r r e n t t e s t s t r u c t u r e i n o p e r a t i o n a l t e s t i n g i s n o t a m e a n a b l e 
t o t h e s t a n d a r d a p p l i c a t i o n o f m u l t i v a r i a t e s t a t i s t i c s . T h e r e i s o n l y one 
r e p l i c a t i o n o f e a c h t e s t o f t h e s e l a r g e s y s t e m s and t h e d a t a c o l l e c t i o n 
p r o c e d u r e p r e c l u d e s d i r e c t d e t e r m i n a t i o n o f r e l a t i o n s h i p s among t h e 
a t t r i b u t e s . C o n s e q u e n t l y , t h e m e t h o d o l o g y d e v e l o p e d i n t h i s t h e s i s 
e n c o m p a s s e s a means t o c o m b i n e r e s u l t s f r o m p a s t t e s t s w i t h s u b j e c t i v e 
i n f o r m a t i o n t o d e t e r m i n e t h e r e l a t i o n s h i p , i n t e r m s o f c o v a r i a n c e s , 
b e t w e e n e a c h two a t t r i b u t e s . T h i s i n f o r m a t i o n i s i n c o r p o r a t e d w i t h 
s u b j e c t i v e l y o b t a i n e d a c c e p t a b l e and u n a c c e p t a b l e mean v e c t o r s i n 
s t e p w i s e d i s c r i m i n a n t a n a l y s i s . 
v i i i 
I t i s c o n c l u d e d t h a t m u l t i v a r i a t e a n a l y s i s t e c h n i q u e s may b e 
a v a l u a b l e a i d i n d e t e r m i n i n g w h i c h a t t r i b u t e s c o n t r i b u t e more i n 
d i s t i n g u i s h i n g b e t w e e n s u c c e s s f u l and u n s u c c e s s f u l s y s t e m s . I t i s a l s o 
c o n c l u d e d t h a t t h e c u r r e n t t e s t d e s i g n f o r o p e r a t i o n a l t e s t i n g c a n b e 
m o d i f i e d t o f a c i l i t a t e a b r o a d e r u s e o f m u l t i v a r i a t e s t a t i s t i c a l a n a l y s i s 
t e c h n i q u e s . T h i s m o d i f i c a t i o n s h o u l d p e r m i t (1) t h e c o r r e l a t i o n s among 
t h e a t t r i b u t e s t o b e o b j e c t i v e l y d e t e r m i n e d and (2) t h e m a r g i n a l n o r m a l i t y 
o f o b s e r v a t i o n s f o r e a c h a t t r i b u t e t o b e v a l i d a t e d . 
CHAPTER I 
INTRODUCTION 
Background of the Problem 
The United States Army Operational Test and Evaluation Agency 
(OTEA) is a Department of the Army Field Agency under the Army Chief of 
Staff . OTEA's mission is to support the materiel acquisition and force 
development processes by (1) exercising responsibility for a l l operational 
testing (OT), (2) managing force development testing and experimentation 
(FDTE), and (3) managing jo int user testing for the army. I t must insure 
that user testing is effectively planned, conducted, and evaluated with 
emphasis on adequacy, quality, and credib i l i ty . I t actively participates 
in the conduct of and provides independent evaluations of operationl tests 
conducted on major and selected nonmajor systems, as well as major FDTE 
and other systems designated by appropriate authority (38). 
Operational testing is an integral part of the materiel acquisition 
cycle. I t is oriented towards the evaluation of a developmental item 
under rea l is t ic conditions as part of an actual troop uni t . The purposes 
of operational testing are: (1) evaluation of the item's desirabi l i ty 
compared to equipment already in the inventory; (2) evaluation of m i l i ­
tary u t i l i t y , operational effectiveness, and operational su i tab i l i ty ; 
(3i) assessment of the need for modification; and (4) assessment of the 
adequacy of organization, doctrine, and tactics (34). 
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Force development t e s t i n g and exper imenta t ion i n v o l v e s troop 
t e s t s , f i e l d t e s t s , and experiments performed by or for the u s e r s . The 
t e s t s support the f o r c e development p rocess by examining the impact , 
p o t e n t i a l , or e f f e c t i v e n e s s of s e l e c t e d concep t s , d o c t r i n e , o r g a n i z a t i o n , 
and m a t e r i e l ( 3 4 ) . A t e s t can support the m a t e r i e l a c q u i s i t i o n p roces s 
by p rov id ing data to a s s i s t i n the es tab l i shment of the r equ i r ed ope ra -
t o n a l c a p a b i l i t y , to develop fundamental data neces sa ry fo r a f u l l under­
s tanding of the performance of a m a t e r i e l sys tem, or to a s s i s t i n 
v a l i d a t i n g d o c t r i n e and t a c t i c s to counter t h r e a t response to a system 
once deployed ( 3 8 ) . 
The f u l l development of an o p e r a t i o n a l t e s t from the i n i t i a l 
p lanning phase through the f i n a l t e s t r e p o r t i s a long and d e t a i l e d p r o ­
c e s s . This p rocess d e l i n e a t e s e x a c t l y how each a s p e c t of conduct ing the 
t e s t s i s developed. However, the a s p e c t of prime c o n s i d e r a t i o n i n t h i s 
paper i s the development of measurable a t t r i b u t e s , i . e . , measures of 
e f f e c t i v e n e s s (MOE), of the t e s t s . 
The f i r s t s t ep i n the developmental p rocess i s the i n i t i a l 
approach, tha t i s , the l i s t i n g of t e n t a t i v e o p e r a t i o n a l i s s u e s . These 
i s s u e s a r e the a s p e c t s of the s y s t e m ' s c a p a b i l i t y tha t must be quest ioned 
b e f o r e the s y s t e m ' s e f f e c t i v e n e s s i s known. They a r e broad i n na tu re and 
a r e not n e c e s s a r i l y d i r e c t l y measurable . These t e n t a t i v e o p e r a t i o n a l 
i s s u e s a r e eva lua ted and c r i t i c a l o p e r a t i o n a l i s s u e s a r e developed on 
the b a s i s of r e l e v a n c e , importance, and r i s k . F i n a l l y , the c r i t i c a l 
i s s u e s a r e conso l ida t ed a s n e c e s s a r y , and the i s s u e s fo r o p e r a t i o n a l 
t e s t i n g a r e s e l e c t e d a f t e r cons ide r ing t h e i r v a l i d i t y , p r a c t i c a l i t y , and 
r e l a t i v e c o s t s . 
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When the o p e r a t i o n a l i s s u e s have been r e f i n e d , s ta tements of t e s t 
o b j e c t i v e s a r e deve loped . These s ta tements i d e n t i f y the ev idence r equ i r ed 
to address p a r t i c u l a r i s s u e s . The t e s t o b j e c t i v e s may s t i l l not be 
measurable ; hence, they must be d i v i d e d i n t o s u b o b j e c t i v e s . The subob­
j e c t i v e s a r e fu r the r subdiv ided i n t o lower l e v e l s of da ta requirements 
u n t i l measurable requirements emerge. A data requirement i s f i n a l l y i n 
a form s u i t a b l e f o r measurement when i t can be answered by a number. 
These da ta requi rements , MOE, a r e l a t e r r e f i n e d i n the F i n a l Tes t 
Des ign . The refinement i s n e c e s s a r y because one a spec t of e f f e c t i v e n e s s 
of ten has s e v e r a l p o s s i b l e measures and not a l l a r e needed. The ques t ions 
of redundancy and d u p l i c a t i o n a r e add res sed , the advantages and d i s a d ­
van tages a r e cons ide red , and a d e c i s i o n i s made as to which measures to 
employ i n the t e s t s . The s e l e c t i o n of measures i n v o l v e s some r i s k of 
s e l e c t i n g i n f e r i o r measures ; consequent ly , some s p e c i a l a s s i s t a n c e i s 
needed i n making t h i s s e l e c t i o n . 
This s p e c i a l a s s i s t a n c e can come i n the form of s p e c i a l i s t s who 
a r e f a m i l i a r wi th d o c t r i n e , o r g a n i z a t i o n , human f a c t o r s , l o g i s t i c s , and 
t h r e a t , and i n the form of informat ion developed from p rev ious o p e r a t i o n a l 
t e s t s . 
Normal ly , o p e r a t i o n a l t e s t i n g c o n s i d e r a t i o n s begin wi th the 
development of the t e s t i tem and conclude wi th the p u b l i c a t i o n 
of the f i n a l r e p o r t . However, i t should be noted tha t one of 
the paths to improved o p e r a t i o n a l t e s t methodology beg ins a f t e r 
the f i n a l r epo r t i s pub l i shed . That i s , da ta ana lyzed i n the 
p o s t - t e s t - r e p o r t pe r iod as a means to fu r the r r e f i n e the na tu re 
of i n f l u e n c i n g f a c t o r s can be used to improve the s t a t e of the 
a r t f o r subsequent o p e r a t i o n a l t e s t i n g . Thus, f i e l d t e s t i n g 
not only con t r i bu t e s to system e v a l u a t i o n o b j e c t i v e s , but has 
the p o t e n t i a l f o r c o n t r i b u t i n g to a l l fu tu re o p e r a t i o n a l t e s t s . 
This f i n a l con t r i bu t i on may be q u i t e a s important i n the long 
run as answering the t e s t o b j e c t i v e s ( 3 8 ) . 
A 
D e f i n i t i o n o f t h e P r o b l e m 
A k e y a r e a o f c u r r e n t i n t e r e s t to OTEA i s t h e e v a l u a t i o n o f 
t a c t i c a l command a n d c o n t r o l s y s t e m s . One a c c e p t e d d e f i n i t i o n o f a 
t a c t i c a l command a n d c o n t r o l s y s t e m i s a n a r r a n g e m e n t o f p e r s o n n e l , f a ­
c i l i t i e s , and t h e means f o r i n f o r m a t i o n a c q u i s i t i o n , p r o c e s s i n g , and 
d i s s e m i n a t i o n employed by a commander i n p l a n n i n g , d i r e c t i n g , a n d 
c o n t r o l l i n g t a c t i c a l o p e r a t i o n s . 
The i n t r o d u c t i o n o f s o p h i s t i c a t e d c o m p u t e r - b a s e d command and 
c o n t r o l s y s t e m s i n t o t h e m a t e r i e l a c q u i s i t i o n p r o c e s s r a i s e s a p r o b l e m 
i n t h e o p e r a t i o n a l t e s t i n g o f s u c h s y s t e m s . I n t h e p a s t , o p e r a t i o n a l 
t e s t s h a v e b e e n a b l e to e v a l u a t e h a r d w a r e and s o f t w a r e i n d e p e n d e n t l y ; 
h o w e v e r , t h e r e i s p r e s e n t l y a n e e d to e v a l u a t e t h e o p e r a t i o n a l e f f e c t i v e ­
n e s s o f t h e e n t i r e s y s t e m . T h i s s y s t e m c o n s i s t s o f t h e h a r d w a r e , s o f t ­
w a r e , a n d p e r s o n n e l i n t e r f a c e u n d e r c o m p l e x o p e r a t i o n a l c o n d i t i o n s . The 
e v a l u a t i o n s h o u l d t a k e i n t o a c c o u n t t h e i n t e r p l a y o f a l l r e l e v a n t 
i n f l u e n c i n g v a r i a b l e s . 
The g e n e r a l p r o b l e m o f t h i s t h e s i s i s a c u r r e n t r e q u i r e m e n t f o r 
t h e d e v e l o p m e n t o f a d e t a i l e d m e t h o d o l o g y f o r d e s i g n i n g , p l a n n i n g , and 
e v a l u a t i n g t h e r e s u l t s o f o p e r a t i o n a l t e s t s and e v a l u a t i o n s o f c o m p l e x 
command a n d c o n t r o l s y s t e m s . The s p e c i f i c p r o b l e m o f t h i s t h e s i s i m p a c t s 
d i r e c t l y o n t h e d e s i g n , p l a n , and e v a l u a t i o n o f o p e r a t i o n a l t e s t s . T h i s 
p r o b l e m i s : How c a n t h e s i z e o f t h e s e c o m p l e x t e s t s b e r e d u c e d w i t h o u t 
r e d u c i n g t h e amount o f i n f o r m a t i o n a b o u t t h e s y s t e m b e i n g t e s t e d ? 
P u r p o s e o f t h i s T h e s i s -
The p u r p o s e o f t h i s t h e s i s i s to d e v e l o p a m e t h o d o l o g y w h i c h w i l l 
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p rov ide a r a t i o n a l b a s i s fo r s e l e c t i n g c r i t i c a l a t t r i b u t e s of complex 
command and c o n t r o l sys tems . This s e l e c t i o n p roces s w i l l permit the 
d e l e t i o n of the e v a l u a t i o n of n o n - c r i t i c a l a t t r i b u t e s from subsequent 
o p e r a t i o n a l t e s t s . 
Review of L i t e r a t u r e 
The p r a c t i c a l use of m u l t i v a r i a t e s t a t i s t i c s to determine the c r i t ­
i c a l i t y of a t t r i b u t e s i n o p e r a t i o n a l t e s t s i s v i r t u a l l y untrodden ground. 
Both computer based and manual l i t e r a t u r e sea rches r e v e a l e d no d i r e c t 
r e f e r e n c e s to t h i s a r ea of s tudy . There a r e , however, many a r t i c l e s and 
books about multivariate statistics. The multivariate techniques of prin­
c i p a l components a n a l y s i s ( 3 , 4 , 9, 1 5 , 3 0 ) , f a c t o r a n a l y s i s ( 3 , 4 , 6, 
9, 1 5 , 3 0 ) , d i s c r im inan t a n a l y s i s ( 3 , 4 , 9, 1 7 , 1 8 , 1 9 , 2 1 , 3 0 ) , and 
c l u s t e r a n a l y s i s ( 1 , 5 , 7, 1 6 , 20 , 2 3 , 24 , 5 , 3 2 , 3 6 , 40) were cons idered 
a s p o s s i b l e techniques to be u t i l i z e d . A l l of these techniques were 
e l imina ted from c o n s i d e r a t i o n because of the des ign of the t e s t s . The 
methodology, as w i l l be seen l a t e r , does not p rov ide fo r any r e p l i c a t i o n s 
of the t e s t . The o p e r a t i o n a l t e s t s a r e so complex tha t the ex t remely 
h igh c o s t s p rec lude r e p l i c a t i o n s . M u l t i p l e c l a s s i f i c a t i o n a n a l y s i s , the 
Automatic I n t e r a c t i o n Detec t ion System, was cons ide red , but was e l imina ted 
because of the requirement fo r a l a r g e sample of data ( 3 8 ) . 
I n t e r v i e w s and extended d i s c u s s i o n s wi th r e p r e s e n t a t i v e s of the 
Methodology Branch, Tes t Design D i v i s i o n , Opera t iona l Tes t and E v a l u a t i o n 
Agency and the Tes t and E v a l u a t i o n D i v i s i o n , Command Contro l and Communi­
c a t i o n s D i r e c t o r a t e , Modern Army S e l e c t e d Systems E v a l u a t i o n and Review 
r e s u l t e d i n v a l u a b l e i n s i g h t in to the problem a r e a . However, techniques 
6 
t h a t c o u l d b e m o d i f i e d o r u t i l i z e d d i r e c t l y w e r e n o t a v a i l a b l e f r o m t h e s e 
s o u r c e s . The r e l a t i v e l a c k o f p r i o r s t u d y i n t h i s f i e l d a n d t h e n a t u r e 
o f t h e t e s t s t h e m s e l v e s l e d to t h e d e v e l o p m e n t o f t h e m e t h o d o l o g y p r e s e n t e d 
i n C h a p t e r I I I . 
G e n e r a l A p p r o a c h and O v e r v i e w 
The m u l t i d i m e n s i o n a l a s p e c t o f c o m p l e x s y s t e m s l e n d s i t s e l f t o 
t h e a p p l i c a t i o n o f m u l t i v a r i a t e a n a l y s i s . The c o m p l e x i t y o f t h e s e s y s t e m s 
i n h e r e n t l y c a u s e s t h e t e s t s t h a t a r e u s e d to e v a l u a t e t h e s y s t e m s t o b e ­
come l a r g e and u n w i e l d y . C h a p t e r I I w i l l a d d r e s s t h e m e t h o d o l o g y o f t h e s e 
tests. I t w i l l emphasize t h e design a n d evaluation procedure f o r t h e 
t e s t s . 
C h a p t e r I I I w i l l r e v i e w t h e a n a l y s i s l e a d i n g t o t h e s e l e c t i o n o f 
t h e m e t h o d o l o g y . The d e t a i l e d p r o c e d u r e f o r e a c h s t e p o f t h e m e t h o d o l o g y 
t o e s t a b l i s h t h e c r i t i c a l i t y o f a t t r i b u t e s w i l l t h e n b e p r e s e n t e d i n 
C h a p t e r I V . 
An i n t e g r a l p a r t o f t h i s m e t h o d o l o g y i s t h e u s e o f a c o m p u t e r to 
f a c i l i t a t e t h e m a n i p u l a t i o n o f t h e m u l t i v a r i a t e d a t a . The c o m p u t e r p r o ­
grams u s e d w i l l b e d i s c u s s e d i n C h a p t e r I V i n t h e s e q u e n c e i n w h i c h t h e y 
a r e u t i l i z e d . 
A d e m o n s t r a t i o n o f t h e m e t h o d o l o g y w i l l b e p r e s e n t e d i n C h a p t e r V 
i n o r d e r t o i l l u s t r a t e t h e e n t i r e p r o c e d u r e . The f i n a l c o n c l u s i o n s a n d 
r e c o m m e n d a t i o n s w i l l b e p r e s e n t e d i n C h a p t e r V I . 
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CHAPTER I I 
EXISTING TEST STRUCTURE 
Methodology of the T e s t s 
To determine c r i t i c a l a t t r i b u t e s of o p e r a t i o n a l t e s t s , i t i s 
n e c e s s a r y to understand the i n t r i c a c i e s of those t e s t s . Each t e s t i s 
d i f f e r e n t from every o ther t e s t i n tha t the a t t r i b u t e s which a r e measured 
v a r y accord ing to the: o p e r a t i o n a l i s s u e s i n v o l v e d . Although s p e c i f i c 
t e s t s d i f f e r , the methodology by which those t e s t s a r e evo lved from 
o p e r a t i o n a l i s s u e s to conc lus ion i s s i m i l a r f o r a l a r g e s e t of t e s t s . 
Normal ly , OTEA p rov ides a F i n a l Tes t Design P lan f o r each t e s t 
p r i o r to the s t a r t of d e t a i l e d p lanning a t the t e s t s i t e . Excep t ions 
occur f o r t e s t s tha t a r e executed f o r OTEA by Modern Army S e l e c t e d Systems 
E v a l u a t i o n and Review (MASSTER). In t h i s l a t t e r c a s e , the F i n a l Tes t 
Design P lan i s prepared by MASSTER f o r OTEA a p p r o v a l . The t e s t s t r u c t u r e 
examined in t h i s chapter i l l u s t r a t e s the g e n e r a l methodology. A s p e c i f i c 
t e s t i s used a s an example i n order to c o n c i s e l y i l l u s t r a t e the 
methodology. 
The D i v i s i o n Command Post Tes t (Test Number FM 286) was s e l e c t e d 
as the example. I t s purpose i s to e v a l u a t e a proposed d i v i s i o n command 
pos t (CP) system and thus i s a t e s t of a command and c o n t r o l sys tem. The 
methodology presen ted i n FM 286 i s r e p r e s e n t a t i v e of the g e n e r a l method­
o logy used by OTEA. The da ta from t h i s t e s t a r e not c l a s s i f i e d and thus 
a r e a v a i l a b l e f o r a n a l y s i s . Because the t e s t was conducted i n January 
8 
1 9 7 5 , some of the p r i n c i p l e s invo lved i n the t e s t a r e a v a i l a b l e to 
e x p l a i n unanswered ques t ions tha t a r e not covered i n the w r i t t e n p l ans 
and r e p o r t s . The t e s t s t r u c t u r e presented i n t h i s chapter i s de r ived 
from ( 1 ) the D e t a i l P l a n f o r Execu t ion (FM 286) ( 1 0 ) , C2) the D i v i s i o n 
Command Pos t Tes t Report (FM 286) Cll), C3) the MASSTER Tes t O f f i c e r ' s 
P lanning Manual ( 3 4 ) , and (4) i n t e r v i e w s wi th r e p r e s e n t a t i v e s of MASSTER. 
In the i n t e r e s t of c l a r i t y , the a d m i n i s t r a t i v e d e t a i l s of the t e s t w i l l 
not be r e l a t e d , but they a r e a v a i l a b l e in the r e f e r e n c e s mentioned above 
f o r the i n t e r e s t e d r e a d e r . 
Pattern of A n a l y s i s 
The purpose of the t e s t FM 286 i s to e v a l u a t e a proposed d i v i s i o n 
command pos t (CP) sys tem. The r e s u l t s of the t e s t a r e to be u t i l i z e d 
to support recommedations concerning t a c t i c a l o r g a n i z a t i o n , equipment, 
and command and c o n t r o l d o c t r i n e and procedures . They w i l l be the b a s i s 
fo r subsequent changes to Tab les of Organiza t ion and Equipment. 
The o b j e c t i v e s tha t were d e r i v e d from the o p e r a t i o n a l i s s u e s men-
t ioned i n Chapter I a r e the e v a l u a t i o n of the e f f i c i e n c y of the command 
pos t i n command and c o n t r o l of d i v i s i o n t a c t i c a l ope ra t ions and the 
e v a l u a t i o n of the v u l n e r a b i l i t y of the command post during d i v i s i o n t a c ­
t i c a l o p e r a t i o n s . E f f i c i e n c y i s def ined a s "a measure of the degree to 
which a system performs a s e t of def ined t a s k s or m i s s i o n r equ i r emen t s . " 
( 1 0 ) V u l n e r a b i l i t y i s def ined a s "a measure of the s u s c e p t i b i l i t y of 
the command and c o n t r o l system to any r ea sonab le means through which i t s 
combat e f f e c t i v e n e s s might be reduced ." ( 1 0 ) Note tha t the system i s 
being eva lua ted and not the performance of the p l a y e r s w i t h i n the sys tem. 
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For the purpose of c o n t i n u i t y , the development of o b j e c t i v e 1 , e f f i c i e n c y 
i s pursued and the development of o b j e c t i v e 2 , v u l n e r a b i l i t y , i s omi t ted . 
Army Regu la t i on 3 1 0 - 2 5 d e f i n e s a system as "an i n t e g r a t e d r e l a t i o n 
sh ip of components a l i g n e d to e s t a b l i s h f u n c t i o n a l c o n t i n u i t y toward the 
s u c c e s s f u l performance of a def ined t a s k or t a s k s . " The re fo re , the 
d i v i s i o n command and c o n t r o l system was d i v i d e d in to the subsystems of 
command, o p e r a t i o n s , i n t e l l i g e n c e , and combat s e r v i c e suppor t . 
The primary funct ions of the command subsystem a r e the management 
func t ions of p lann ing , o r g a n i z i n g , d i r e c t i n g , c o o r d i n a t i n g , and con ­
t r o l l i n g . In order to f ind a measure of e f f i c i e n c y fo r the command sub­
system, a measure of e f f i c i e n c y for each of the funct ions l i s t e d above 
must be found. Thus the management func t ions of the command subsystem 
become data requi rements . The data requirements a r e not measurab le . 
• r 
Consequent ly , they must be d i v i d e d and subdivided u n t i l measurable da ta 
requirements a r e deve loped . An a b b r e v i a t e d p a t t e r n developed i n t h i s 
manner i s shown in F i g u r e 1 . 
The primary s t a f f funct ions a r e p repar ing p l a n s , o r d e r s , and r e ­
p o r t s ; p rov id ing informat ion; and s u p e r v i s i n g the execu t ion of p lans and 
o r d e r s . Consider ing o p e r a t i o n s , i n t e l l i g e n c e , and combat s e r v i c e support 
a s primary s t a f f f u n c t i o n s , each subsystem i s subdivided accord ing to 
t he se f u n c t i o n s . S ince a l l subsystems have the same func t i on , only the 
ope ra t i ons subsystem w i l l be pursued. As i n the command subsystem, the 
func t ions of the opera t ions subsystem a r e unmeasurable da ta requirements 
t ha t must be fu r the r subdivided u n t i l measurable da ta requirements a r e 
deve loped . An abb rev i a t ed p a t t e r n developed in t h i s manner i s shown in 
F i g u r e 2 . The i n t e l l i g e n c e and combat s e r v i c e support subsystems a r e 
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a n a l o g o u s t o t h a t f o r o p e r a t i o n s . 
The m e a s u r e s o f e f f e c t i v e n e s s CMOE) t h a t w e r e u s e d t o d e v e l o p t h e 
p a t t e r n o f a n a l y s i s a r e a s e t o f d e p e n d e n t o r r e s p o n s e v a r i a b l e s w h i c h 
d e m o n s t r a t e t h e a d e q u a c y o f t h e command p o s t s y s t e m t o a c c o m p l i s h m i s s i o n 
r e q u i r e m e n t s u n d e r s p e c i f i c c o n d i t i o n s . T h e s e s p e c i f i c c o n d i t i o n s a r e 
t h e i n d e p e n d e n t v a r i a b l e s . 
E v a l u a t i o n P l a n 
The e v a l u a t i o n e f f o r t f o r o b j e c t i v e 1 was e s s e n t i a l l y s u b j e c t i v e . 
I t was r e i n f o r c e d w i t h q u a n t i t a t i v e d a t a w h e r e f e a s i b l e . T h i s s u b j e c t i v e 
evaluation was based p r i m a r i l y on t h e end—of-test reports prepared by 
t h e e v a l u a t o r s and p l a y e r s . E x t e n s i v e u s e o f r a t i n g t y p e q u e s t i o n s , 
u s i n g s e m a n t i c d i f f e r e n t i a l l y s c a l e d r e s p o n s e s , w e r e u s e d i n t h e d a i l y 
q u e s t i o n n a i r e . T h e s e r a t i n g s a l l o w e d t h e o p i n i o n s o f t h e p l a y e r s and 
e v a l u a t o r s t o b e q u a n t i f i e d o n a d a i l y b a s i s and s u b s e q u e n t l y a g g r e g a t e d 
w i t h i n e a c h m a j o r s t a f f s e c t i o n . When a g g r e g a t e d , t h e d a i l y r a t i n g s a l s o 
p r o v i d e d t h e t e s t a n a l y s t w i t h n u m e r i c a l p e r f o r m a n c e i n d i c a t o r s a t e a c h 
l e v e l o f t h e a n a l y s i s . O b j e c t i v e m e a s u r e m e n t s , s u c h a s a c c u r a c y o f maps 
a n d c h a r t s , a r e a l s o i n c l u d e d i n t h e a s s e s s m e n t o f d e p e n d e n t v a r i a b l e s . 
A l l o f t h e s e t y p e s o f i n p u t p r o v i d e a means to a s s e s s t h e a d e q u a c y o f 
t h e command p o s t c o n c e p t to a c c o m p l i s h m i s s i o n r e q u i r e m e n t s . 
A s u b j e c t i v e e x t e n s i o n o f t h e p l a y e r a n d e v a l u a t o r s e m a n t i c d i f ­
f e r e n t i a l r e s p o n s e s i s a n a d e q u a t e / i n a d e q u a t e e v a l u a t i o n s c h e m e . T h i s 
i s t h e b a s i s f o r t h e d e v e l o p m e n t o f c r i t e r i a u s e d by t h e t e s t a n a l y s t t o 
a s s e s s t h e m e a s u r e o f p e r f o r m a n c e (MOP) f o r t h e command p o s t c o n c e p t . 
C r i t e r i a f o r t h e d e v e l o p m e n t o f c o n c l u s i o n s f o r o b j e c t i v e 1 a r e d e f i n e d 
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i n the fo l l owing manner: 
Adequate- Combined r a t i n g s and r a t i o n a l e demonstrated tha t the 
s e c t i o n could accomplish func t ions or mis s ion requirements 
under t e s t c o n d i t i o n s . 
B o r d e r l i n e - Although r a t i n g s and r a t i o n a l e may have demonstrated 
tha t the s e c t i o n could accomplish the func t ions or requi rements , 
the re were n e g a t i v e r a t i n g s and r a t i o n a l e tha t de t r ac t ed from the 
o v e r a l l a b i l i t y to accomplish mis s ion requi rements . , These nega­
t i v e f a c t o r s had to be c o r r e c t a b l e without major o r g a n i z a t i o n a l 
or f unc t i ona l changes to the OFM or SOP. 
Inadequate- Ra t ings and r a t i o n a l e demonstrated tha t the s e c t i o n 
could not accomplish miss ion requi rements . Major o r g a n i z a t i o n a l 
or f unc t i ona l changes had to be made to e i t h e r the OFM or SOP 
( 1 1 ) . 
OFM and SOP a r e acronyms fo r o r g a n i z a t i o n s and func t ions manual and 
s tanding opera t ing p rocedures , r e s p e c t i v e l y . 
To enhance the e v a l u a t i o n p l a n , o b j e c t i v e 1 i s f u n c t i o n a l l y d i ­
v ided in to a r e a s fo r which f i n d i n g s a r e genera ted , F i g u r e 3 . Note tha t 
t h i s f u n c t i o n a l d i v i s i o n breaks down each subsystem in to a s e c t i o n tha t 
i s o p e r a t i o n a l l y r e s p o n s i b l e for the subsystem. The elements w i t h i n 
t ha t s e c t i o n a r e d e s i g n a t e d . These elements comprise the l e v e l a t which 
the measures of performance a r e e v a l u a t e d . 
The data c o l l e c t i o n p lan i n v o l v e s both p l a y e r s and e v a l u a t o r s 
i n ob ta in ing da ta on MOE's presented i n the p lan of a n a l y s i s . The e v a l ­
u a t o r s a r e screened to i n su re t h e i r q u a l i f i c a t i o n s and to i n s u r e the 
c r e d i b i l i t y of t h e i r o b s e r v a t i o n s and e v a l u a t i o n s based on g r ade , m i l ­
i t a r y occupa t iona l s p e c i a l i t y (MOS), command and s t a f f e x p e r i e n c e , m i l ­
i t a r y s c h o o l i n g , e t c . There a r e th ree c a t e g o r i e s of e v a l u a t o r s . C a t e ­
gory 1 c o n s i s t s of o f f i c e r s i n the grades of 05 and 06. They a r e 
a s s i g n e d to the subsys tem-sec t ion l e v e l to e v a l u a t e the e f f e c t of the 
o r g a n i z a t i o n a l concept on s t a f f and s e c t i o n performance by o b s e r v a t i o n 
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and rev iew of s t a f f ou tpu ts . Category 2 e v a l u a t o r s c o n s i s t of o f f i c e r s 
i n the grades of 03 "and 04. They a r e a s s i g n e d to the element l e v e l to 
e v a l u a t e the performance of one or more s e l e c t e d s t a f f elements and to 
record s t a f f performance as a p p r o p r i a t e . Category 3 c o n s i s t s of e n l i s t e d 
men in the grades of E6 and E 7 . They a r e a s s i g n e d to the element l e v e l 
to c o l l e c t da ta from s e l e c t e d maps and c h a r t s , p repare CP l ayou t s k e t c h e s , 
inven to ry major i tems of equipment, and record displacement d a t a . 
There a r e seventeen types of q u e s t i o n n a i r e s and da ta forms tha t 
a r e used by the p l a y e r s and e v a l u a t o r s . The q u e s t i o n n a i r e s and da ta 
forms a r e t a i l o r e d a s to the data sou rce , frequency of submiss ion , and 
l e v e l of r equ i red d e t a i l . These a r e completed and submitted accord ing 
to the Data C o l l e c t i o n P lan , Appendix E to the DPE. 
Corresponding to the c a t e g o r i e s of e v a l u a t o r s a r e p l a y e r s tha t 
complete , r e s p e c t i v e l y , the same q u e s t i o n n a i r e s and data forms. Thus, 
t he r e i s a dua l r a t i n g sys tem. The da ta from the p l a y e r s and e v a l u a t o r s 
i s a s s i m i l a t e d accord ing to the Data Reduction P l an , Appendix F of the 
DPE fo r FM 286. There a r e many d e t a i l s in the r educ t ion p l an ; however, 
the s a l i e n t f e a t u r e i s the method by which p l a y e r and e v a l u a t o r o b s e r v a ­
t i o n s a r e combined in order to formulate an e v a l u a t i o n . F i g u r e 4 p r e s e n t s 
an overv iew of the i n t e r a c t i o n of p l a y e r - e v a l u a t o r r e sponse . 
P r i o r to a d i s c u s s i o n on data r educ t ion , i t i s n e c e s s a r y to e x p l a i n 
the acronym EEA. EEA, e s s e n t i a l elements of a n a l y s i s , a r e those da ta r e ­
quirements tha t have been developed for a s p e c i f i c t e s t . The f i r s t l e v e l 
EEA corresponds to the subsystems; the second l e v e l EEA corresponds to 
the f u n c t i o n s ; and the remaining l e v e l s of EEA correspond r e s p e c t i v e l y 
to the succeeding s u b d i v i s i o n s . 





ef f ic iency 
(ObJ 1) 
1.2 Operations 
A/1 c r i t e r i a a 
( a l l must be 
adequate) 
1.3 Inte l 
A/1 c r i t e r i a 
( a l l must be 
adequate 
1.4 CSS 
A/1 c r i t e r i a 






1.1.5 Direct J 
Prepare plans 
and orders 
A/1 c r i t e r i a 
Provide info 
A/1 c r i t e r i a 
Supervise 






Adequacy of avail info 
Adequacy of personnel 
Adequacy of SOP 
Adequacy of org struc 
Adequacy of comm 
Adequacy of info 
Adequacy of org struc 
Adequacy of comm 
Section responsiveness 
Adequacy of info 
Effect of org struc on coord 
Adequacy of SOP/QFM 
Adequacy of TOE 
Adequacy of org struc 
Player 













a Adequate/inadequate c r i t e r i a b Adequate/borderline/inadequate c r i t e r ia 
F i g u r e 4 . E v a l u a t i o n Methodology Concept f o r O b j e c t i v e 1 . 
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The r a t i n g s f o r the t h i r d l e v e l EEA ( e . g . , 1 . 2 . 2 . 2 , Adequacy of 
Information) a r e b a s i c a l l y obtained in the fo l lowing s t e p s : 
Step 1 : Rat ings of four th l e v e l EEA a r e made by each ca t egory 2 and 3 
e v a l u a t o r and p l a y e r for each element. These r a t i n g s a r e based 
on a f i v e - p o i n t a d j e c t i v a l r a t i n g s c a l e where 1 i s cons idered 
b e s t and 5 i s cons idered wors t ( e . g . , 1 corresponds to adequa te , 
3 corresponds to b o r d e r l i n e , and 5 corresponds to i nadequa t e ) . 
The frequency of o b s e r v a t i o n s that f a l l i n the f i v e r a t i n g 
c a t e g o r i e s fo r each element and data requirement a r e recorded 
s e p a r a t e l y fo r both e v a l u a t o r s and p l a y e r s . I f an o b s e r v a t i o n 
i s p laced in r a t i n g ca t egory 1 , i t r e c e i v e s a weighted v a l u e of 
1 . I f an o b s e r v a t i o n i s p laced i n r a t i n g ca t egory 2 , i t 
r e c e i v e s a weighted v a l u e of 2 . This procedure extends a n a l o ­
gous ly fo r the remaining th ree r a t i n g c a t e g o r i e s . I f an o b s e r ­
v a t i o n i s not made, a s i x t h r a t i n g i s a v a i l a b l e . This r a t i n g 
i s cons idered as having no weight and does not a f f e c t the 
e v a l u a t i o n procedure (See Table 1 ) . 
S tep 2 : The four th l e v e l r a t i n g s a r e summed a c r o s s the r a t i n g c a t e g o r i e s 
fo r each element of the data requirement . The f r equenc ie s of 
the r a t i n g s c o r e s a r e m u l t i p l i e d by t h e i r r e s p e c t i v e weigh ts 
and an element s c o r e i s obtained by d i v i d i n g the sum of these by 
the t o t a l number of o b s e r v a t i o n s by tha t element . This i s done 
fo r both p l a y e r s and e v a l u a t o r s a t t h i s l e v e l CSee Table 2 ) . 
Step 3 : A t h i r d l e v e l EEA s c o r e i s obtained fo r each element by tak ing 
a grand a v e r a g e a c r o s s the four th l e v e l EEA (data r equ i r emen t s ) . 
This i s done f o r p l a y e r s and e v a l u a t o r s (See Table 3 ) . 
Table 1 . Frequency of Observa t ions 




2 3 4 5 
OPS 1 0 23 4 0 0 
FS 0 9 0 1 0 
TACP 1 3 1 0 0 
PLANS 2 1 3 0 0 0 
FSE 1 5 1 8 , 2 0 0 
DAME 4 8 8 0 0 
LNO 5 0 0 0 0 
EVALUATOR RATINGS 
ELEMENT : 1 2 3 4 5 
OPS 6 4 0 
FS 8 1 1 0 0 
TACP 2 7 0 1 0 
PLANS 2 6 2 0 0 
FSE 6 0 0 0 
DAME 1 7 0 2 0 
LNO 0 0 0 0 0 
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Table 2. Fourth L e v e l Element Scores 
Data Requirement 1.2.2.2.2. 
PLAYER RATINGS 
ELEMENT 1 2 3 4 5 ELEMENT SCORE/ 
NO. Of OBSER. 
OPS 10 23 4 0 0 1.84/37 
FS 0 9 0 1 0 2.20/10 
TACP 1 3 1 0 0 2.00/50 
PLANS 2 13 0 0 0 1.87/15 
FSE 15 18 2 0 0 1.48/25 
DAME 4 8 8 0 0 2.20/20 
LNO 5 0 0 0 0 1.00/50 
Example of Element Score f o r OPS: 
10(1) + 23(2) + 4(3) +0)4) +0(5) = 1 # 8 4 
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EVALUATOR RATINGS 
ELEMENT 1 2 ' 3 4 5 ELEMENT SCORE/ 
No. of OBSER. 
OPS 6 4 0 0 0 1.40/10 
FS 8 1 1 0 0 1.30/10 
TACP 2 7 0 1 0 2.00/10 
PLANS 2 6 2 0 0 2.00/10 
FSE 4 6 0 0 0 1.60/10 
DAME 1 7 0 2 o 2.30/10 
LNO 0 o 0 0 0 2.30/10 
Example of Element Score f o r OPS: 
6(1) +4(2) +0(3) + 0(4) + 0(5) = 1 - 4 
10 
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Table 3 . Third L e v e l Element Score 
(Category 2 and 3) 
Data Requirement 1 . 2 . 2 . 2 . 
PLAYER ELEMENT SCORES/NUMBER OF OBSERVATIONS 
ELEMENT 1 . 2 . 2 . 2 . 1 1 . 2 . 2 . 2 . 2 1 . 2 . 2 . 2 . 3 1 . 2 . 2 . 2 . 
OPS 1 . 7 8 / 3 7 1 . 8 4 / 3 7 2 . 3 6 / 3 6 1 . 9 9 / 1 1 0 
FS, 2 . 1 0 / 1 0 2 . 2 0 / 1 0 3 . 0 0 / 1 0 2 . 4 3 / 3 0 
TACP 1 . 2 0 / 5 0 2 . 0 0 / 5 0 4 . 4 0 / 5 2 . 5 3 / 1 5 
PLANS 1 . 6 0 / 1 5 1 . 8 7 / 1 5 4 . 0 7 / 1 5 2 . 5 1 / 4 5 
FSE 1 . 3 0 / 2 0 1 . 4 8 / 2 5 3 . 4 0 / 2 0 2 . 0 1 / 6 5 
DAME 1 . 7 2 / 2 5 2 . 2 0 / 2 0 4 . 3 6 / 2 5 2 . 8 0 / 7 0 
LNO 1 . 0 0 / 5 0 1 . 0 0 / 5 0 2 . 6 0 / 5 0 1 . 5 3 / 1 5 
\ 
Example of Third L e v e l Element Score fo r OPS: 
1 . 7 8 ( 3 7 ) + 1 . 8 4 ( 3 7 ) + 2 . 3 6 ( 3 6 ) = 1 9 9 
EVALUATOR ELEMENT SCORES/NUMBER OF OBSERVATIONS 
ELEMENT 1 . 2 . 2 . 2 . 1 1 . 2 . 2 . 2 . 2 1 . 2 . 2 . 2 . 3 1 . 2 . 2 . 2 . 
OPS 1 . 4 0 / 1 0 1 . 4 0 / 1 0 1 . 8 0 / 1 0 1 . 5 3 / 3 0 
FS 1 . 3 0 / 1 0 1 . 3 0 / 1 0 2 . 1 0 / 1 0 1 . 5 7 / 3 0 
TACP 1 . 8 0 / 1 0 2 . 0 0 / 1 0 3 . 4 0 / 1 0 2 . 4 0 / 3 0 
PLANS 1 . 7 0 / 1 0 2 . 0 0 / 1 0 3 . 9 0 / 1 0 2 . 5 3 / 3 0 
FSE 1 . 4 0 / 1 0 1 . 6 0 / 1 0 3 . 1 0 / 1 0 2 . 0 3 / 3 0 
DAME 1 . 9 0 / 1 0 2 . 3 0 / 1 0 4 . 6 0 / 1 0 2 . 9 3 / 3 0 
LNO - - - -
Example of Third L e v e l Element Score fo r OPS: 
1 . 4 ( 1 0 ) + 1 . 4 ( 1 0 ) + 1 . 8 . ( 1 0 ) «• J / 5 3 • 
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Step 4 : Category 1 p l a y e r s and ©va lua to r s make independent o b s e r v a t i o n s 
on the t h i r d l e v e l EEA. A s imple ave rage i s obta ined f o r each 
(See Table 4 ) . 
Step 5 : A grand ave rage i s taken a c r o s s the elements of t h i r d l e v e l 
EEA s c o r e s to ob t a in a t h i r d l e v e l EEA s c o r e . This i s done f o r 
both p l a y e r s and e v a l u a t o r s . D. R. 1 . 2 . 2 . 2 . 
P l a y e r 
1 . 9 9 ( 1 1 0 ) 4 2 . 4 3 ( 3 0 ) 4 2 . 5 3 ( 1 5 ) 4 2 . 5 1 ( 4 5 ) 4 2 . 0 1 ( 6 5 ) 4 - 2 . 8 0 ( 7 0 ) 4 1 . 5 3 ( 1 5 ) = 2 . 2 6 
350 
E v a l u a t o r 
1 . 5 3 ( 3 0 ) 4 1 . 5 7 (30 )+2 .4 ( 3 0 ) 4 2 . 5 3 (30)42•.•03(30)42.93 (30) « 1 . 9 1 
1 8 0 
Step 6: A mean i s then obta ined of the s c o r e f o r the ca t egory 2 and 3 
p l a y e r s (Step 5 ) and the s c o r e f o r the ca t ego ry 1 p l a y e r (Step 4) 
D. R. 1 . 2 . 2 . 2 . 
2 . 2 6 4 3 . 4 • 2 . 8 3 
A sco re f o r the e v a l u a t o r s i s obta ined i n a s i m i l a r manner. 
1 . 9 1 4 2 . 0 - 1 . 9 6 
2 
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T a b l e 4 . t h i r d L e v e l E l e m e n t S c o r e 
( C a t e g o r y 1 ) 
D a t a R e q u i r e m e n t 1 . 2 . 2 . 2 . 
1 . . 
I 
! P L A Y E R R A T I N G S 
i . . • • "• 
i E L E M E N T 1 2 3 5 
i 
G 3 0 2 1 0 
CM
 
C a t e g o r y 1 T h i r d L e v e l S c o r e : 
0 ( 1 ) + 2 ( 2 ) + 1 ( 3 ) + 0 ( 4 ) + 2 ( 5 ) „ 3 A 
5 
E V A L U A T O R R A T I N G S 
E L E M E N T 1 2 Co
 
4 5 
G 3 1 1 
CM
 1 0 
C a t e g o r y 1 T h i r d L e v e l S c o r e : 
1 ( 1 ) + 1 ( 2 ) + 2 ( 3 ) + 1 ( 4 ) + 0 ( 5 ) = 2 . 0 
5 
23 
S t e p 7: The mean o f t h e p l a y e r a n d e v a l u a t o r s c o r e s i s t h e o v e r a l l 
r a t i n g f o r t h e t h i r d l e v e l E E A . 
2.83+1.96 = 2.39 
2 
Once a l l o f t h e o v e r a l l s c o r e s f o r t h e e s s e n t i a l e l e m e n t s o f 
a n a l y s i s a r e o b t a i n e d , a n i n d e p e n d e n t e v a l u a t o r c o n s i d e r s a l l i n p u t , s u b ­
j e c t i v e a n d o b j e c t i v e , a n d f o r m u l a t e s a f i n a l r a t i n g f o r e a c h t h i r d l e v e l 
EEA. The minimum a c c e p t a b l e s t a n d a r d a t t h i s l e v e l i s " b o r d e r l i n e . " 
R a t i n g s o f a c c e p t a b l e , b o r d e r l i n e , o r u n a c c e p t a b l e a r e e s t a b l i s h e d f o r 
e a c h s e c t i o n . E a c h o f t h e s t a f f s e c t i o n s i s t h e n s u b j e c t i v e l y e v a l u a t e d 
a t p r o g r e s s i v e l y h i g h e r l e v e l s o f EEA a s a d e q u a t e o r i n a d e q u a t e i n t h e 
p e r f o r m a n c e o f i t s p r i m a r y f u n c t i o n s . A r a t i n g o f a d e q u a t e i s t h e 
minimum a c c e p t a b l e s t a n d a r d a t h i g h e r l e v e l s o f e v a l u a t i o n . 
A n a l y s i s o f t h e T e s t S t r u c t u r e 
The p u r p o s e o f t h i s a n a l y s i s i s n o t t o e v a l u a t e t h e m e t h o d o l o g y 
u n d e r l y i n g t h e s t r u c t u r e o f t h e t e s t . R a t h e r , t h e p u r p o s e i s t o 
e x a m i n e t h e s a l i e n t f e a t u r e s o f t h e t e s t i n o r d e r t o b e t t e r u n d e r s t a n d 
t h e r e l a t i o n s h i p o f t h e d a t a r e q u i r e m e n t s t o t h e t e s t s t r u c t u r e . 
The n a t u r e o f t h e t e s t i s h i g h l y s u b j e c t i v e . The o b j e c t i v e 
i n p u t s do a s s i s t i n t h e f i n a l e v a l u a t i o n ; h o w e v e r , t h e s u b j e c t i v e i n p u t s 
o b t a i n e d b y t h e u s e o f t h e s e m a n t i c d i f f e r e n t i a l l y s c a l e d r e s p o n s e s a n d 
g e n e r a l o b s e r v a t i o n s h a v e a g r e a t e r i m p a c t u p o n t h e f i n a l e v a l u a t i o n o f 
t h e s y s t e m . The o b j e c t i v e i n p u t s and s u b j e c t i v e i n p u t s u s i n g t h e f i v e -
p o i n t a d j e c t i v a l s c a l e do p r o v i d e a p r o f i l e o f t h e i n d i v i d u a l m e a s u r a b l e 
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data requ i rements . They p r o v i d e a frequency d i s t r i b u t i o n of the number 
of t imes the data requirements were observed i n a p a r t i c u l a r s t a t u s , 
i . e . , the number of o b s e r v a t i o n s tha t f e l l i n the r a t i n g c a t e g o r i e s 1 
through 5 . The manner i n which the o b s e r v a t i o n s were taken p rec ludes 
the de terminat ion of r e l a t i o n s h i p s between data requirements ( c o r r e l a ­
t i o n ) . The number of t o t a l Observa t ions and time of o b s e r v a t i o n s v a r ­
i e d g r e a t l y . The range of t o t a l o b s e r v a t i o n s per da ta requirement i s 
i l l u s t r a t e d by the da ta used i n the demonstrat ion of Chapter 4 . 
The i n t e r v a l s of the r a t i n g s c a l e r e s t r i c t the range of o b s e r ­
v a t i o n s . I f an o b s e r v e r e v a l u a t e s a p a r t i c u l a r measurable da ta r e q u i r e ­
ment a s s l i g h t l y above b o r d e r l i n e , but not t o t a l l y adequate , he has only 
one a l t e r n a t i v e . That a l t e r n a t i v e i s to a s s i g n a r a t i n g of 2 . The 
r a t i n g of 2 r e f l e c t s t ha t the da ta requirement i s e v a l u a t e d e x a c t l y h a l f ­
way between b o r d e r l i n e and adequate . This i n d i c a t e s tha t the range of 
the r a t i n g s c a l e might need to be extended. The opt imal number of 
i n t e r v a l s between which an obse rve r can d i s c r i m i n a t e i n making an 
e v a l u a t i o n i s an open ques t ion f o r s tudy . 
The number of measurable da ta requirements i n t h i s type of t e s t 
i s q u i t e l a r g e . S ince m u l t i p l e o b s e r v a t i o n s a r e be ing made f o r each 
measurable da ta requi rement , the s i z e of the problem, computa t iona l ly , 
can e a s i l y ge t out of c o n t r o l . The l e v e l a t which the da ta requirements 
a r e measurable a l s o v a r i e s , thus the re i s the added problem of comparing 
da ta requirements from d i f f e r e n t l e v e l EEA. 
The e v a l u a t i o n procedure i s based upon the elements a t each l e v e l 
r a t h e r than the measurable da ta requi rements . As seen e a r l i e r , e v a l u -
a t i o n s a t each l e v e l EEA a r e made tha t r e f l e c t the s t a t u s of the e lements . 
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The o b s e r v a t i o n s of the data requirements a r e not c a r r i e d forward . This 
i s compounded by the means by which the o v e r a l l e v a l u a t i o n s a r e computed. 
The ave rag ing p roces s d i l u t e s the r a t i n g ca t ego ry 5 o b s e r v a t i o n s . By 
the time the f i n a l t h i r d l e v e l EEA a r e c a l c u l a t e d , the "worse" e v a l u ­
a t i o n s a r e d i l u t e d . This s i t u a t i o n i n d i c a t e s a need f o r a method to 
cons ide r a l l o b s e r v a t i o n s f o r each da ta requirement . 
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CHAPTER I I I 
REVIEW OF POTENTIAL MULTIVARIATE ANALYSIS TECHNIQUES 
In t roduc t ion 
The purpose o f / t h i s t h e s i s , a s s t a t e d in Chapter I , i s to develop 
a methodology which w i l l p rov ide a r a t i o n a l b a s i s f o r the s e l e c t i o n of 
c r i t i c a l a t t r i b u t e s of complex command and c o n t r o l sys t ems . Chapter I I 
p resented an a c t u a l t e s t tha t i l l u s t r a t e s the methodology tha t i s c u r ­
r e n t l y used to e v a l u a t e complex command and c o n t r o l sys t ems . In t h i s 
chapter the term " c r i t i c a l a t t r i b u t e s " w i l l be def ined and p o t e n t i a l 
m u l t i v a r i a t e a n a l y s i s techniques f o r determining c r i t i c a l a t t r i b u t e s 
w i l l be e v a l u a t e d . 
The a t t r i b u t e s of a system may be ; def ined i n s e v e r a l ways . They 
may be an i n t e g r a l p a r t of the e v a l u a t i o n procedure used i n a p a r t i c u l a r 
t e s t . In the t e s t d i s c u s s e d above , the e v a l u a t i o n procedure inc luded 
obse rv ing the measurable data requi rements , formula t ing a v a l u e f o r each 
e lement , and c a r r y i n g the element e v a l u a t i o n up the l e v e l s of EEA in 
order to ob ta in s e c t i o n e v a l u a t i o n s . Here the elements could be con­
s i d e r e d to be the a t t r i b u t e s . In tha t p rocedure , the o b s e r v a t i o n s made 
on the s p e c i f i c da ta requirements were l o s t i n the e v a l u a t i o n p r o c e s s . 
The a t t r i b u t e s may a l s o be def ined as the measurable data r e q u i r e 
ments of the t e s t s . The e v a l u a t i o n procedure may v a r y between two t e s t s 
however, the methodology by which o p e r a t i o n a l i s s u e s a r e subd iv ided 
i n t o measurable da ta requirements i s s t a b l e . I f the measurable da ta 
requirements a r e cons idered as the i l l r i h ' u t f e s , a l l o b s e r v a t i o n s have a 
v i s i b l e impact on the o v e r a l l r e s u l t i n g e v a l u a t i o n up to the t h i r d l e v e l 
EEA. In o rder to i n s u r e the g r e a t e s t degree of a p p l i c a b i l i t y f o r the 
methodology presen ted h e r e , the term " a t t r i b u t e " w i l l be construed to 
mean measurable da ta requ i rements . 
The c r i t i c a l a t t r i b u t e s , o r c r i t i c a l measurable da ta requi rements , 
of a system a r e those a t t r i b u t e s which impart maximum informat ion to i t s 
e v a l u a t i o n . In t h e f i n a l v a n a l y s i s , the e v a l u a t i o n of a system c l a s s i f i e s 
the system a s e i t h e r a c c e p t a b l e or unaccep tab le . Thus, the a t t r i b u t e s 
which con t r ibu t e most to dec id ing whether a system i s a c c e p t a b l e or un­
a c c e p t a b l e a r e c l a s s i f i e d as c r i t i c a l and those which c o n t r i b u t e l e a s t 
a r e c l a s s i f i e d a s n o n c r i t i c a l . The degree of c r i t i c a l i t y or n o n c r i t i -
c a l i t y i s dependent upon a g iven s i t u a t i o n , o r i n t h i s c a s e , upon a g iven 
o p e r a t i o n a l t e s t . As w i l l be seen l a t e r i n t h i s c h a p t e r , the degree of 
c r i t i c a l i t y can be c o n t r o l l e d depending on the parameters used i n the 
methodology presented h e r e i n . 
In deve loping a methodology to determine c r i t i c a l a t t r i b u t e s , the 
p r a c t i c a l use of the methodology was the foremost c o n s i d e r a t i o n . The 
extreme c o s t s of o p e r a t i o n a l t e s t s p rec lude r e p l i c a t i o n s and hence p r e ­
c lude the s tandard m u l t i v a r i a t e a n a l y s i s techniques such as p r i n c i p a l 
component a n a l y s i s , f a c t o r a n a l y s i s , d i s c r i m i n a n t a n a l y s i s , and c l u s t e r 
a n a l y s i s . The procedure developed had to t ake i n t o c o n s i d e r a t i o n the 
t e s t des ign p r o c e s s , the s t r u c t u r e of the t e s t , and the form of the d a t a . 
The c e n t r a l theme of the des ign p roces s was the development of 
measurable da ta requirements from the i n i t i a l o p e r a t i o n a l i s s u e s . In 
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the des ign phase , once a l l measurable da ta requirements ( a t t r i b u t e s ) 
were formula ted , a s u b j e c t i v e p roces s d e l i n e a t e d those a t t r i b u t e s con­
s i d e r e d n e c e s s a r y . . This p roces s took i n t o c o n s i d e r a t i o n the p o s s i b l e 
n e c e s s i t y of ob ta in ing redundant informat ion by t ak ing manual measures 
to back up s o p h i s t i c a t e d ins t rumenta t ion . I t a l s o took i n t o account the 
need f o r d u p l i c a t i o n of measures . This i nc ludes obse rv ing two a t t r i b u t e s 
tha t measure the same t h i n g . The g r e a t degree of work and e x p e r t i s e tha t 
went i n t o making the d e c i s i o n s of the i n i t i a l a t t r i b u t e s should be used 
to the maximum ex ten t p o s s i b l e . 
The s t r u c t u r e of the t e s t should be Considered . The d e n d r i t i c 
b reaks down the da ta requirements i n t o d i s t i n c t , y e t r e l a t e d , l e v e l s of 
e s s e n t i a l e lements . In FM 286, ( see F i g u r e 2 ) , the ope ra t ions subsystem 
was broken down i n t o t h r ee major a r e a s of c o n s i d e r a t i o n : p repa r ing p l a n s , 
o r d e r s , and r e p o r t s ; p rov id ing in format ion ; and s u p e r v i s i n g p l ans and 
o r d e r s . These i n turn were subd iv ided . The p o s s i b l e advantageous use of 
the s t r u c t u r e should be cons idered i n the development of a methodology. 
The form of the da ta should a l s o be cons ide red . I n i t i a l l y , the 
data i s compiled i n the form of frequency d i s t r i b u t i o n s . I f the data i s 
used a t the a t t r i b u t e l e v e l , a more accu ra t e p i c t u r e can be obta ined of 
the a t t r i b u t e s under c o n s i d e r a t i o n . 
The methodology presen ted here evo lved from a d e t a i l e d s tudy of 
FM 286, the c o n s i d e r a t i o n s g iven above , and r ev iew of m u l t i v a r i a t e a n a l ­
y s i s theory and a s s o c i a t e d t echn iques . The gene ra l methodology w i l l be 
p resen ted i n the f o l l o w i n g s e c t i o n . A more d e t a i l e d d i s c u s s i o n w i l l 
then be p resen ted tha t e x p l a i n s the procedures and techniques i n g r e a t e r 
d e t a i l . 
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A p p l i c a b i l i t y of M u l t i v a r i a t e Techniques 
Cons ider ing the d e f i n i t i o n of c r i t i c a l a t t r i b u t e s and the d e l i n e ­
a t i o n of the c r i t e r i a f o r s e l e c t i n g a methodology tha t were de r ived from 
the e x i s t i n g t e s t s t r u c t u r e , the t a s k of f i nd ing a methodology f o r s e l e c ­
t i ng c r i t i c a l a t t r i b u t e s of a system i s somewhat f a c i l i t a t e d . The form 
of the data on the a t t r i b u t e s i s a frequency d i s t r i b u t i o n wi th o b s e r v a ­
t i o n s on a range of d i s c r e t e numbers from 1 to 5 . There i s only one 
r e p l i c a t i o n of the t e s t and the time i n t e r v a l for r e p o r t i n g o b s e r v a t i o n s 
i s so l a r g e tha t s t a t i s t i c a l c o r r e l a t i o n s cannot be ob ta ined . Thus, 
the re a r e th ree a l t e r n a t i v e s open f o r i n v e s t i g a t i o n . 
A t o t a l l y s u b j e c t i v e methodology can be developed tha t i n v o l v e s 
no s t a t i s t i c a l i n f e r e n c e . This a l t e r n a t i v e i s cons idered i n f e a s i b l e b e ­
cause of the na tu re of the problem. The number of v a r i a b l e s i s so g r e a t 
tha t the time i n v o l v e d would extend the des ign phase p a s t r ea sonab le 
suspense d a t e s . The number of people n e c e s s a r y f o r a t o t a l l y s u b j e c t i v e 
method could e a s i l y exceed the number a v a i l a b l e . Here, i t must be under­
stood tha t the des ign phase of one t e s t may b e , and probably i s , con­
ducted s imul taneous ly wi th a number of o ther t e s t s . An a d d i t i o n a l f a c t o r 
i s the f a c t tha t the degree of c r i t i c a l i t y i s d i f f i c u l t to de f ine s u b j e c ­
t i v e l y . For these r e a s o n s , the t o t a l l y s u b j e c t i v e approach was e l im ina t ed 
from c o n s i d e r a t i o n . 
A second approach might be t o t a l l y o b j e c t i v e , r ep resen ted by 
t r a d i t i o n a l m u l t i v a r i a t e s t a t i s t i c a l t echn iques . S ince the re i s on ly 
one r e p l i c a t i o n of the t e s t , i n i t i a t i n g a pu re ly s t a t i s t i c a l approach 
would r e q u i r e the s imula t ion of a m u l t i p l e s e t of da t a . The g e n e r a ­
t i o n of the da ta would have to be accomplished by gene ra t ing s e t s of 
30 
independent da ta f o r each a t t r i b u t e . This would have to be done because 
a cova r i ance m a t r i x and mean v e c t o r a r e n e c e s s a r y to genera te a m u l t i ­
v a r i a t e d i s t r i b u t i o n . The s e t s of independent ly genera ted da ta f o r the 
a t t r i b u t e s would not n e c e s s a r i l y produce r e l i a b l e s t a t i s t i c a l i n f e r e n c e . 
The t h i r d approach i s the use of s u b j e c t i v e input i n conjunct ion 
wi th m u l t i v a r i a t e a n a l y s i s t echn iques . The o b j e c t i o n to the t o t a l l y ob ­
j e c t i v e approach was the l a c k of a c o v a r i a n c e ma t r ix and mean v e c t o r from 
which the gene ra t ion of m u l t i v a r i a t e o b s e r v a t i o n s could be f a c i l i t a t e d . 
I f a c o v a r i a n c e ma t r ix and mean v e c t o r can be developed us ing the a v a i l ­
a b l e da ta and s u b j e c t i v e in fo rma t ion , then the gene ra t ion of m u l t i v a r i a t e 
o b s e r v a t i o n s i s f e a s i b l e . 
At t h i s po in t i n the development of the methodology, i t i s 
assumed tha t a mean v e c t o r and c o v a r i a n c e ma t r ix can be s u b j e c t i v e l y 
produced. Having made t h i s assumption, the a v a i l a b l e m u l t i v a r i a t e a n a l y ­
s i s techniques w i l l be reviewed i n order to f i nd a technique tha t can 
be u t i l i z e d to d i s t i n g u i s h c r i t i c a l a t t r i b u t e s . 
In s e l e c t i n g an a p p r o p r i a t e technique a p p l i c a b l e i n the contex t 
of o p e r a t i o n a l t e s t s , t he re a r e two c o n s t r a i n t s t ha t r e s t r i c t the f l e x i ­
b i l i t y of technique s e l e c t i o n . The f i r s t c o n s t r a i n t i s tha t a technique 
i s sought whereby the a t t r i b u t e s tha t con t r i bu t e l e a s t to the e v a l u a t i o n 
of the system a r e d e l i n e a t e d . This i s e q u i v a l e n t to s p e c i f y i n g those 
a t t r i b u t e s tha t c o n t r i b u t e the most to the e v a l u a t i o n . A second con­
s t r a i n t i s tha t the c r i t i c a l a t t r i b u t e s a r e those a t t r i b u t e s which b e s t 
e s t a b l i s h whether a system i s a c c e p t a b l e or unaccep tab l e . Thus, the t e c h ­
nique should i n v o l v e d i s t i n g u i s h i n g between a c c e p t a b l e and unaccep tab le 
p o p u l a t i o n s . 
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The f i r s t c o n s t r a i n t reduces the f i e l d of m u l t i v a r i a t e a n a l y s i s 
techniques to four a r e a s : p r i n c i p a l component a n a l y s i s , f a c t o r a n a l y s i s , 
c l u s t e r a n a l y s i s , and d i sc r iminan t a n a l y s i s . P r i n c i p a l component a n a l y ­
s i s , l a r g e l y a t t r i b u t e d to H o t e l l i n g ( 4 ) , d e a l s w i th the coord ina te s t r u c ­
tu re of m u l t i v a r i a t e o b s e r v a t i o n s . This technique seeks to make l i n e a r 
combinations of the v a r i a b l e s ( p r i n c i p a l components) such tha t each of 
the l i n e a r combinations cap tures as much v a r i a t i o n i n the v e c t o r of v a r i ­
a b l e s a s p o s s i b l e . At the same t ime , each p r i n c i p a l component i s formu­
l a t e d so tha t i t i s l i n e a r l y independent of a l l the o ther p r i n c i p a l 
components. Those p r i n c i p a l components tha t c o n t r i b u t e most to the v a r i ­
ance would then be the c r i t i c a l v a r i a b l e s . This technique i s r e j e c t e d 
f o r b a s i c a l l y two r e a s o n s . The f i r s t reason i s tha t the d e f i n i t i o n of 
the term " c r i t i c a l v a r i a b l e " does not c o i n c i d e wi th the g iven d e f i n i t i o n 
of c r i t i c a l a t t r i b u t e . The second i s tha t p r i n c i p a l component a n a l y s i s 
d e a l s wi th one s e t of v a r i a b l e s and one p o p u l a t i o n . The d e s i r e d technique 
must i n v o l v e two p o p u l a t i o n s . 
Fac to r a n a l y s i s i s an ex t ens ion of p r i n c i p a l component a n a l y s i s . 
I t i s a procedure f o r reducing complexi ty of c o r r e l a t i o n a l d a t a . From 
the o r i g i n a l s e t of v a r i a b l e s under c o n s i d e r a t i o n , i t s e l e c t s a s m a l l e r 
s e t of or thogonal r e f e r e n c e axes to span the o r i g i n a l d a t a . This t e c h ­
nique i s a l s o e l imina t ed from c o n s i d e r a t i o n . Fac to r a n a l y s i s , l i k e 
p r i n c i p a l components, a d d r e s s e s s one s e t of v a r i a b l e s and one popu la t i on . 
C l u s t e r a n a l y s i s i s a p roces s of s o r t i n g e n t i t i e s i n t o c a t e g o r i e s 
accord ing to t h e i r o v e r a l l s i m u l a r i t i e s by comparing v e c t o r s of v a r i a b l e s . 
In c l u s t e r a n a l y s i s , v e r y l i t t l e i s known about the ca t ego ry s t r u c t u r e . 
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A l l tha t must be known i s tha t the re i s a c o l l e c t i o n of o b s e r v a t i o n s 
tha t a r e r e l a t e d i n some manner. Normal ly , the o p e r a t i o n a l o b j e c t i v e 
i s to d i s c o v e r a ca t egory s t r u c t u r e which f i t s the o b s e r v a t i o n s . In 
some s i t u a t i o n s , i t i s p o s s i b l e to reduce a v e r y l a r g e body of da ta to 
a r e l a t i v e l y , c o m p a c t d e s c r i p t i o n . C l u s t e r a n a l y s i s i s a l s o r e j e c t e d 
from c o n s i d e r a t i o n . The assumptions tha t were made be fo re t h i s technique 
was a l lowed to be cons idered were based upon s u b j e c t i v e in format ion . 
The procedures used i n c l u s t e r a n a l y s i s to reduce the number of v a r i a b l e s 
i s cont ingent upon seed p o i n t s , s u b j e c t i v e l y e s t a b l i s h e d , and the s u b ­
j e c t i v e i n t e r p r e t a t i o n of the o v e r a l l r e s u l t s of the c l u s t e r a n l a y s i s 
computer programs. The s u b j e c t i v e na tu re of the c l u s t e r a n a l y s i s 
techniques would compound the s u b j e c t i v e n e s s a l r e a d y b u i l t i n t o the 
methodology by these assumpt ions . 
Disc r iminan t a n a l y s i s t r e a t s the problem of a t tempt ing to d i f ­
f e r e n t i a t e between two o r more c l a s s e s of persons or o b j e c t s . I t a t tempts 
to f i nd a l i n e a r combination of v a r i a b l e s such tha t the d i s t r i b u t i o n f o r 
the c l a s s e s o r groups p o s s e s s " l i t t l e " o v e r l a p . This technique i s a c ­
cepted f o r use because i t does address the problem of two p o p u l a t i o n s , 
i t does have a form tha t permi ts the s e l e c t i o n of c r i t i c a l a t t r i b u t e s , 
and i t does have a means by which a degree of c r i t i c a l i t y can be a s s e s s e d . 
The technique f o r determining c r i t i c a l a t t r i b u t e s i s s t e p w i s e 
d i s c r iminan t a n a l y s i s . I t i s used to i d e n t i f y a subse t of v a r i a b l e s 
which " b e s t " d i s c r i m i n a t e s between p o p u l a t i o n s . I t i s only n e c e s s a r y f o r 
the purposes of t h i s paper to d i s c r i m i n a t e between two p o p u l a t i o n s , a c ­
c e p t a b l e and unaccep tab le . The re fo re , only the s p e c i a l c a se i n v o l v i n g 
two popu la t ions w i l l be r e l a t e d i n t h i s paper . 
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CHAPTER IV 
DETERMINING CRITICAL ATTRIBUTES (METHODOLOGY) 
Development 
S tepwise d i s c r iminan t a n a l y s i s has as i t s foundation one-way 
a n a l y s i s of v a r i a n c e t e s t i n g means and the d i s c r iminan t f unc t i on . These 
concepts a r e b r i e f l y exp la ined i n Appendix A i n conjunct ion w i th a 
d e t a i l e d exp lana t ion of s t epwi se d i s c r im inan t a n a l y s i s . 
Once these under ly ing concepts of the m u l t i v a r i a t e a n a l y s i s 
technique a r e unders tood, an o v e r a l l methodology can be developed from 
a l l of the p rev ious in fo rmat ion . S tepwise d i s c r iminan t a n a l y s i s p r o ­
v i d e s a means by which a subse t of v a r i a b l e s can be i d e n t i f i e d tha t 
" b e s t " d i s c r i m i n a t e s between two p o p u l a t i o n s . These two popu la t ions must 
be def ined by i n d i v i d u a l mean v e c t o r s and a common c o v a r i a n c e m a t r i x . 
One sample of o b s e r v a t i o n s i s g iven i n the form of frequency d i s t r i b u ­
t i o n s f o r the a t t r i b u t e s . The a t t r i b u t e s to be cons idered must be d e s i g ­
nated and the mean and v a r i a n c e f o r each a t t r i b u t e must be c a l c u l a t e d . 
S ince the re i s not s u f f i c i e n t informat ion i n the o r i g i n a l da ta 
to formulate a c c e p t a b l e and unacceptab le mean v e c t o r s f o r the s t epwise 
d i s c r iminan t a n a l y s i s , t hese v e c t o r s w i l l have to be obta ined s u b j e c ­
t i v e l y . There a l s o i s not s u f f i c i e n t informat ion from which to formulate 
the c o v a r i a n c e m a t r i x ; however, the sample v a r i a n c e of the o r i g i n a l da ta 
i s known. Hence, i f the c o r r e l a t i o n s between the v a r i a b l e s can be 
e s t ima ted , a cova r i ance ma t r ix can be formula ted . 
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By gene ra t ing m u l t i v a r i a t e normal d i s t r i b u t i o n s u t i l i z i n g these 
mean v e c t o r s and the c o v a r i a n c e m a t r i x , the s t epwise d i s c r iminan t a n a l y ­
s i s w i l l enab le those a t t r i b u t e s which " b e s t " d i s c r i m i n a t e between the 
a c c e p t a b l e and unaccep tab le popu la t ions to be i d e n t i f i e d . The method­
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The a t t r i b u t e s of each t e s t must be examined to determine which 
l e v e l of EEA and which s e t s of a t t r i b u t e s a r e to be examined. Each 
t e s t i s d i f f e r e n t from eve ry o ther t e s t . Even i f a c e r t a i n t e s t i s d e ­
s igned to t e s t a system tha t has been p r e v i o u s l y e v a l u a t e d , t he re w i l l 
be d i f f e r e n c e s because of the ref inements of t ha t f i r s t t e s t . In most 
t e s t s , such as FM 286, the a t t r i b u t e s to be ana lyzed would be broken down 
i n t o s e t s of a t t r i b u t e s . This would be done because : ( 1 ) the number of 
a t t r i b u t e s i s so l a r g e tha t the s u b j e c t i v e a n a l y s i s of s t ep 2 would be 
incomprehens ib le , (2) the number of a t t r i b u t e s i s so l a r g e tha t the a v a i l ­
a b l e computers could not handle the s t o r a g e r equ i r ed f o r the p r e p a r a t i o n 
of da ta and the s t epwise d i s c r iminan t a n a l y s i s , and (3) the a t t r i b u t e s 
were d e r i v e d from the o p e r a t i o n a l i s s u e s i n such a manner t ha t n a t u r a l 
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groupings of a t t r i b u t e s would be p r e s e n t . 
Having decided the grouping or d i v i s i o n of d a t a , each group must 
be examined to i n s u r e tha t the da ta f o r each a t t r i b u t e i s a v a i l a b l e and 
i s i n the c o r r e c t form. The da ta f o r each a t t r i b u t e should be r e p r e ­
sented as a frequency d i s t r i b u t i o n wi th a range of 1 to 5 tha t c o i n c i d e s 
wi th the r a t i n g c a t e g o r i e s . I f an a t t r i b u t e does not have a frequency 
d i s t r i b u t i o n of o b s e r v a t i o n s , then i t cannot be e v a l u a t e d . This p r o ­
cedure does not a l l o w a t t r i b u t e s wi thout these da ta because the re i s no 
means to genera te a frequency d i s t r i b u t i o n wi th the informat ion a v a i l a b l e 
i n the t e s t methodology. 
Once the a t t r i b u t e s have been organized i n the form of d i s t r i b u ­
t i o n s , the sample mean and sample v a r i a n c e a r e c a l c u l a t e d . This can be 
accomplished q u i t e e a s i l y by the use of a computer program such as tha t 
shown i n Appendix B . This program a l s o t e s t s the s e t s of a t t r i b u t e s to 
i n s u r e tha t the assumption of m u l t i v a r i a t e normal i ty r equ i r ed f o r s t e p ­
wi se d i s c r im inan t a n a l y s i s i s met. In a d i s c u s s i o n of m u l t i v a r i a t e normal 
d i s t r i b u t i o n s , t h ree c l a s s e s of d i s t r i b u t i o n s a r e of i n t e r e s t . Margina l 
d i s t r i b u t i o n s a r e the u n i v a r i a t e d i s t r i b u t i o n s f o r the i n d i v i d u a l e l e ­
ments of the v e c t o r v a r i a b l e . Cond i t iona l d i s t r i b u t i o n s a r e the p r e ­
d i c t e d d i s t r i b u t i o n s f o r p a r t i c u l a r marg ina l elements g iven the known 
d i s t r i b u t i o n s of the remainder of the v e c t o r v a r i a b l e . Component d i s ­
t r i b u t i o n s a r e the d i s t r i b u t i o n s of any l i n e a r func t ions of the v e c t o r 
v a r i a b l e . 
I f a v e c t o r v a r i a b l e , a v e c t o r of a t t r i b u t e s , has a m u l t i v a r i a t e 
normal d i s t r i b u t i o n , m . n . d . , then eve ry one of i t s marg ina l d i s t r i b u t i o n s 
i s normal. However t h i s i s not r e v e r s i b l e . I f the marg ina l s of the 
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v a r i a b l e s of a v e c t o r a r e normal ly d i s t r i b u t e d , the v e c t o r i s not 
n e c e s s a r i l y a m.n.d. ( 9 ) . I f a v e c t o r v a r i a b l e has a m . n . d . , then e v e r y 
c o n d i t i o n a l d i s t r i b u t i o n def ined on i t i s normal ( 9 ) . I f a v e c t o r v a r i ­
a b l e has a n u n . d . , then each component i s normal ly d i s t r i b u t e d . I f eve ry 
p o s s i b l e l i n e a r component of a v e c t o r v a r i a b l e i s normal ly d i s t r i b u t e d , 
then the v e c t o r v a r i a b l e has a m.n.d. ( 9 ) . 
There a r e no u n i v e r s a l goodness of f i t t e s t s f o r m u l t i v a r i a t e 
normal d i s t r i b u t i o n s ( 9 ) . Tes t of m u l t i v a r i a t e normal i ty have been p r e ­
sented by Malkovich and A f i f i ( 1 9 7 3 ) , but they a r e v a l i d f o r only a sma l l 
number of v a r i a b l e s ( 3 3 ) . Although the p resence of marg ina l normal i ty 
does not i n s u r e m u l t i v a r i a t e n o r m a l i t y , t h i s methodology w i l l t e s t f o r 
marg ina l n o r m a l i t y . Each marg ina l of the v e c t o r i s a s p e c i a l component 
def ined by s e t t i n g a u n i t weight f o r the a s s i g n e d element and zero we igh t s 
f o r a l l o ther elements ( 9 ) . Thus, i t i s f e l t tha t a " b e t t e r " a p p r o x i ­
mation of m u l t i v a r i a t e no rma l i ty can be obta ined i f the marg ina l s a r e 
normal ly d i s t r i b u t e d . 
In t e s t i n g the marg ina l s f o r goodness of f i t , i t was d i s c o v e r e d 
tha t the Kolmogorov-Smirnov (K-S) t e s t i s more a p p r o p r i a t e than the C h i -
Square t e s t f o r the d i s t r i b u t i o n under c o n s i d e r a t i o n . The K-S t e s t i s 
cons idered more app rop r i a t e because the power of the t e s t i s g r e a t e r when 
t e s t i n g f o r no rma l i ty wi th y and CJ2 es t imated by x and s^ ( A f i f i & Azen) 
and because Chi-Square t e s t s conducted on samples of da ta from t e s t FM 286 
showed t h i s procedure i n f e a s i b l e . I n the Chi -Square t e s t where the C h i -
Square s t a t i s t i c i s g iven by 
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i * l E ± 
the accuracy of the Chi -Square approximat ion improves a s E^ i n c r e a s e s . 
Using f i v e a s the minimal a c c e p t a b l e l e v e l of E , , the number of i n t e r v a l s 
2 
has to be reduced to t h r e e . Thus X g k - p - 1 e c l u a l s zero where k equals 
the number of i n t e r v a l s and p equa ls t h e number of es t imated pa ramete r s . 
The hypo thes i s tha t the v a r i a b l e conforms to the hypothesized d e n s i t y i s 
2 2 
r e j e c t e d i f x 0 > X a k_p_i- This w i l l a lways be the c a s e u n l e s s 0^ equa ls 
E£ f o r each i . Th is occurrence i s h i g h l y u n l i k e l y . 
The K-S t e s t i s nonparametric and exac t f o r a l l sample s i z e s . 
I n the K-S t e s t , n obse rva t i ons a r e ordered from s m a l l e s t to l a r g e s t . 
L e t t i n g x ^ ^ denote the i — s m a l l e s t o b s e r v a t i o n in the sample, cons t ruc t 
the e m p i r i c a l cumula t ive d i s t r i b u t i o n func t ion F (x ) def ined by 
F ( x ) = 
0 , x < x ( l ) 
1 » X ( i ) l x < x ( i + I ) 1 = 1 n - 1 
n 
1 • x - x ( n ) 
The t e s t s t a t i s t i c D = •m^X- | f ( X ) - F Q ( x ) | t e s t s the n u l l h y p o t h e s i s , 
Ho: F ( x ) = F ( x ) . The c r i t i c a l v a l u e , D , f o r s i g n i f i c a n c e l e v e l i s 
' 0 
e s t a b l i s h e d from Tab le A6 of Fishman ( 2 2 ) . R e j e c t the n u l l hypo thes i s 
i f D a <D. A computer program which f a c i l i t a t e s making the K-S t e s t i s 
g i v e n i n Appendix B. 
38 
I f t h e K - S t e s t f o r n o r m a l i t y shows t h a t a f r e q u e n c y d i s t r i b u t i o n 
f o r o n e o r more o f t h e a t t r i b u t e s d o e s n o t a p p r o x i m a t e a n o r m a l d i s t r i ­
b u t i o n , t h e n a t r a n s f o r m a t i o n to i n d u c e n o r m a l i t y c a n b e u t i l i z e d . I f 
t h e t r a n s f o r m e d d a t a h a s b e e n t e s t e d f o r t h e n o r m a l f i t and t h e h y p o t h ­
e s i s h a s f a i l e d t o b e r e j e c t e d , t h e t r a n s f o r m e d d a t a c a n b e u t i l i z e d i n 
t h e r e m a i n d e r o f t h e t e s t . I f no t r a n s f o r m a t i o n t o i n d u c e n o r m a l i t y i s 
f o u n d , t h e r e m a i n d e r o f t h e p r o c e d u r e c a n b e c o m p l e t e d w i t h o r w i t h o u t 
t h i s a t t r i b u t e . T h i s p o i n t c a n t h e n b e a d d r e s s e d i n t h e f i n a l a n a l y s i s . 
D e t e r m i n a t i o n o f t h e C o v a r i a n c e M a t r i x 
The d e t e r m i n a t i o n o f a c o v a r i a n c e m a t r i x t h a t a p p r o x i m a t e s a n 
a c t u a l c o v a r i a n c e m a t r i x , u n o b t a i n a b l e f r o m a c t u a l d a t a , i s a n e s s e n t i a l 
s t e p i n t h e p r o c e s s o f i d e n t i f y i n g c r i t i c a l a t t r i b u t e s . A s u b j e c t i v e 
e s t i m a t e o f c o v a r i a n c e c a n b e f o r m u l a t e d u t i l i z i n g t h e b a s i c r e l a t i o n ­
s h i p o f t h e s i m p l e c o r r e l a t i o n c o e f f i c i e n t to t h e c o v a r i a n c e o f two 
v a r i a b l e s ; 
" t i = — 
I f t h e c o r r e l a t i o n b e t w e e n a n y two v a r i a b l e s c a n b e d e t e r m i n e d , t h e n 
t h e i n d i v i d u a l v a r i a n c e s o f t h o s e v a r i a b l e s ( o b t a i n e d i n s t e p 1) c a n b e 
u t i l i z e d . T h u s t h e p r o b l e m r e d u c e s t o t h a t o f e s t i m a t i n g c o r r e l a t i o n 
c o e f f i c i e n t s f o r e a c h p a i r o f v a r i a b l e s , o r i n t h i s c a s e , a t t r i b u t e s . 
The u n d e r l y i n g a s s u m p t i o n f o r s t e p w i s e d i s c r i m i n a n t a n a l y s i s was 
t h a t t h e v e c t o r o f a t t r i b u t e s u n d e r c o n s i d e r a t i o n h a s a m u l t i v a r i a t e 
n o r m a l d i s t r i b u t i o n . The m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t i s much more 
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c o m p l i c a t e d t h a n s i m p l e c o r r e l a t i o n . F o r t h e p u r p o s e o f e x p l a n a t i o n , 
l e t Y r e p r e s e n t a n y o f t h e p + 1 a t t r i b u t e s a n d X ^ , i = l , . . . , p r e p r e s e n t t h e 
r e m a i n i n g p a t t r i b u t e s . A l s o , l e t t h e m e a n s a n d v a r i a n c e s o f t h e a t t r i ­
b u t e s Y , X - i X _ , b e d e n o t e d u , u , . . . , u a n d a 2 , a 2 , . . . , a 2 , 
p y 1 p y i p 
r e s p e c t i v e l y . D e n o t e t h e c o v a r i a n c e o f Y a n d X J b y o . . C o r r e s p o n d i n g l y , 
yx 
t h e s i m p l e c o r r e l a t i o n c o e f f i c i e n t s w i l l b e d e f i n e d a s g i v e n a b o v e . 
T h e s e s i m p l e c o r r e l a t i o n s d o n o t t a k e i n t o a c c o u n t t h e p r e s e n c e o f m o r e 
t h a n t w o a t t r i b u t e s . S i n c e t h e v e c t o r o f a t t r i b u t e s n o r m a l l y c o n t a i n s 
m o r e t h a n t w o a t t r i b u t e s , t h e c o r r e l a t i o n o f Y a n d X i a r e a c t u a l l y 
c o n d i t i o n a l t o t h e v a l u e s a s s u m e d b y t h e X j , j ^ i -
L e t X p . . . , X p b e o b s e r v a t i o n s o f X ^ , . . . , X p . T h e r e e x i s t s a 
c o n d i t i o n a l d i s t r i b u t i o n o f Y g i v e n X ^ = x i , X 2 = X 2 > * * > x p ^ p * I n s t e P 
1 i t w a s f o u n d t h a t i f a v e c t o r o f a t t r i b u t e s h a s a m . n . d . , t h e n t h e 
c o n d i t i o n a l d i s t r i b u t i o n s a r e n o r m a l l y d i s t r i b u t e d . T h e c o n d i t i o n a l 
d i s t r i b u t i o n o f Y h a s m e a n 
V X L , . . . x p = y y + h^r^i) +- • - + 
T h i s i s c a l l e d t h e c o n d i t i o n a l e x p e c t a t i o n o f Y g i v e n X ^ , . . . , X p 
( A f i f i & A z e n ) . T h e q u a n t i t i e s 3 ^ , . . . , 3 p a r e f u n c t i o n s o f t h e v a r i ­
a n c e s a n d c o v a r i a n c e s o f t h e a t t r i b u t e s . T h i s c o n d i t i o n a l d i s t r i b u t i o n 
h a s v a r i a n c e 
a 2 - a 2 U - P 2 ) 
y y - x 1 , x 2 x p 
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where p __ i s the m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t of Y and X-, y » x l , . • • , x p x , 
. . . , X ( A f i f i & Azen) . T r a n s f e r r i n g p to the l e f t hand s i d e 
p y ^ i , . . . , x p 
of the equat ion by s imple a l g e b r a r e s u l t s i n : 
2 2 
Thus, the squared m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t i s equal to the p r o ­
p o r t i o n of the v a r i a n c e of a t t r i b u t e Y tha t i s " e x p l a i n e d " by the l i n e a r 
r e l a t i o n s h i p wi th X-^ X p . The m u l t i p l e c o r r e l a t i o n i s the maximum 
s imple c o r r e l a t i o n between a t t r i b u t e Y and any l i n e a r combination of the 
remaining p a t t r i b u t e s . This m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t i s 
i n v a r i a n t to changes in s c a l e ( 1 ) . 
The d i s c u s s i o n of the m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t i l l u s t r a t e s 
t ha t the r e l a t i o n s h i p between any two v a r i a b l e s i s h i g h l y dependent upon 
the remaining v a r i a b l e s i n the v e c t o r of a t t r i b u t e s . The r e l a t i o n s h i p 
between Y and X^ i s dependent upon the " e f f e c t " c rea ted by the remaining 
p - 1 v a r i a b l e s . With t h i s r e l a t i o n s h i p i n mind, l e t us cont inue to the 
a c t u a l theory behind f ind ing the c o r r e l a t i o n between two v a r i a b l e s . 
In the ca se of a v e c t o r of more than two a t t r i b u t e s , m u l t i v a r i a t e 
normal i ty was assumed i f a l l of the marg ina l s were normal. Here , i f two 
marg ina l s a r e normal, the assumption w i l l be tha t the j o i n t d i s t r i b u t i o n 
i s b i v a r i a t e normal. A second assumption w i l l be tha t the v a l u e s of 
the remaining a t t r i b u t e s in the v e c t o r can be s e t or ad jus ted to any 
a p p r o p r i a t e l e v e l s . 
In a b i v a r i a t e normal d i s t r i b u t i o n , l e t X 1 and X 9 be d i s t r i b u t e d 
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normally with means y t and U x and variances a 2 and a 2 , respectively. The 
i z 1 2 
conditional distribution of X2 given that X-̂  =x-^, is univariate normal 
(Hines & Montgomery) with conditional mean 
Q 1 2 
y 2 - l = y 2 + ——- (Xi-Pi) 
Q 1 Q 2 
y 2 0 l = y 2 + P _ t x l" y l> ' ^ crn (1) 
and conditional variance 
a 2 = a 2 (1-P 2 ) 
From equation (1) : 
y 2 0 l ~ y 2 ( x i" u l) 
= P 
a 2 < a l > ( 2 ) 
The conditional mean, y2*l» ^ s t * i e expected value of X2 given the value 
of X ,̂ and y-̂  is the expected value of X .̂ The left hand side of equa­
tion (2) is the standard normal of conditional X2 and the expression in 
the right hand side is a constant times the standard normal of X .̂ Thus, 
the expected value of X 2 given X̂  is p times the value of X̂  after nor­
malizing X2 and X-̂ . 
If y-p y2» op 'e'2, and p are known, then for any given X-p the 
value of y2»i can be determined. Letting 
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Z = and Z-, = _ _ _ _ _ , then 
C °2 ) ( °i ) 
Z"2 = P • S i n c e Zj^ and Z 2 a r e N(0,1), i f 2-̂  i s k s tandard d e v i a t i o n s 
above i t s mean, then the expected v a l u e of -Z 2 w i l l be p k s tandard 
d e v i a t i o n s above i t s uncond i t iona l mean. I f p i s known and k v a r i e s 
from the mean, then for each v a l u e of k , t he re i s a corresponding v a l u e 
f o r I f Z 2 i s known, then can be e a s i l y determined. Con­
v e r s e l y , i f k i s s p e c i f i e d and 2 ^ i s e s t ima ted , then p can be c a l c u l a t e d . 
By l e t t i n g k v a r y and e s t ima t ing corresponding v a l u e s of a n e s t ima te 
of p can be obta ined by tak ing a s imple a v e r a g e of the p's c o r r e ­
sponding to the k ' s . Th i s i s by no means an exac t p r o c e s s ; however, i t 
i s a l o g i c a l approach to es t imat ing the c o r r e l a t i o n c o e f f i c i e n t . 
The a c t u a l procedure fo r e s t ima t ing p approximates by x ^ , 
V>2 by x ^ , °^ by s^, and ° y &2 obtained in Step 1. As mentioned p r e ­
v i o u s l y , the r e l a t i o n s h i p between any two v a r i a b l e s i s cont ingent upon 
the v a l u e s of the remaining v a r i a b l e s i n the v e c t o r . A more exac t p r o ­
c e s s would a l l o w the "o the r" v a r i a b l e s to assume a l l combinations of 
v a l u e s over the e n t i r e range of the r a t i n g c a t e g o r i e s . A t o t a l enu­
mera t ion , i n t h i s c a s e , would be q u i t e i n f e a s i b l e ; consequen t ly , the 
v a l u e s of c a l c u l a t e d i n Step 1 w i l l be cons idered as the l e v e l s of 
the "o ther" v a r i a b l e s . 
The a c t u a l procedure fo r the e s t ima t ion of p.. w i l l cons ide r 
each p a i r of v a r i a b l e s a s f o l l o w s : 
1. Consider each of the v a r i a b l e s to be normal ized, i . e . , 2y\/N(0, 1) 
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and Z . > N ( 0 , 1 ) . 
2 . L e t the s c a l e of measurement range from 1 to 7 corresponding to - 3 
to +3 s tandard d e v i a t i o n s from the mean, z e r o . 
3 . F o r v a l u e s of ranging by i n t e g e r s from 1 to 7 , exc luding 4 , 
e s t i m a t e the v a l u e of Xj on the same s c a l e of 1 to 7 where 1 i s 
cons ide red " b e s t " , 4 i s cons idered " b o r d e r l i n e " , and 7 i s cons idered 
" w o r s t . " 
4 . Convert the v a l u e s obtained above from the s c a l e of 1 to 7 to the 
corresponding standard d e v i a t i o n , - 3 to + 3 . 
5 . L e t the v a l u e s f o r X^ equal k . L e t the v a l u e s fo r Xj equal c . 
For each v a l u e of k, compute a corresponding p . This i s c a l c u l a t e d 
by p = £ . 
6. Sum each of the p ' s , and d i v i d e by the t o t a l number of e s t i m a t e s , 6. 
7 . Thus, the a v e r a g e of the p ' s i s the es t imated p f o r X i and X ^ . 
The e s t i m a t i o n s should be performed by the i n d i v i d u a l ( s ) des igna ted by 
the agency t ha t i s u t i l i z i n g the o v e r a l l methodology. 
Once a l l p a i r w i s e comparisons a r e made and a l l p ^ a r e e s t ima ted , 
the esimated c o v a r i a n c e ma t r ix i s c a l c u l a t e d by u t i l i z i n g the r e l a t i o n ­
sh ip of the s imple c o r r e l a t i o n c o e f f i c i e n t to the c o v a r i a n c e of two 
v a r i a b l e s : 
L e t t i n g be the e s t ima te of P ^ , s± and s^ be e s t ima tes of 
a.£ and a.., then s ^ , the e s t ima te of i s c a l c u l a t e d a s f o l l o w s : 
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s . . = P i j S i S j , f o r i * j 
s l l s l 2 •"•• s l p 
S . = s 2 r §22 • • • s 2p 
s. 'pi S p2 * S pp 
where s = s . . 
i i i 
Th is procedure by which the c o v a r i a n c e ma t r ix i s es t imated has 
l i m i t a t i o n s because of the assumptions tha t were made. However, i t does 
reinforce the stand taken by OTEA t h a t subjective evaluations play 
an ext remely v a l u a b l e r o l e in the des ign and o v e r a l l e v a l u a t i o n of 
o p e r a t i o n a l t e s t s . 
Determinat ion of Mean Vec to r s 
The de terminat ion of the a c c e p t a b l e and unaccep tab le mean v e c t o r s 
to be u t i l i z e d i n the s t epwise d i s c r iminan t a n a l y s i s phase of the method­
o logy to i d e n t i f y c r i t i c a l a t t r i b u t e s i s v i t a l . The f i n a l r e s u l t s h inge 
upon the a c c e p t a b l e and unacceptab le mean v a l u e s of the i n d i v i d u a l a t t r i ­
b u t e s . For t h i s reason , i t i s ex t remely important f o r those v a l u e s to be 
determined by the most knowledgeable and capab le i n d i v i d u a l s invo lved 
i n the o p e r a t i o n a l t e s t s . These i n d i v i d u a l s a r e invo lved w i th the 
development of the t e s t d e s i g n . 
The l a s t s t ep in the development of the F i n a l Tes t Design i s the 
development of a n a l y s i s l o g i c . The development of a n a l y s i s l o g i c i s a 
de te rmina t ion of how the data from the f i e l d t e s t w i l l be used to s a t i s f y 
the t e s t o b j e c t i v e s . The a n a l y s i s methodology inc ludes how the da ta 
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v a l u e s which were obtained in the form of o b s e r v a t i o n s of measurable 
da ta requirements a r e combined. Data v a l u e s a r e combined a f t e r con­
s i d e r i n g two types of ruleSj c r i t e r i a and w e i g h t i n g . 
In order to a s s e s s how each a s p e c t of a s y s t e m ' s c a p a b i l i t y 
performs, a s e t of c r i t e r i a for each data requirement a t each l e v e l i s 
determined. The p rocess of dec id ing the c r i t e r i a i s d i f f i c u l t , but i t 
can be f a c i l i t a t e d by tak ing i n t o c o n s i d e r a t i o n e x p e r i e n c e , v a l u e s 
de r ived from the t e s t , or comparisons. 
Weighting i s the importance Of each da ta v a l u e expressed as a 
relationship to the other da ta v a l u e s . Weighting t akes into account 
the r e l a t i v e importance of the d a t a . Data v a l u e s may be g i v e n v e r b a l 
we igh t s such as " e s s e n t i a l " or " d e s i r a b l e " or numerical w e i g h t s . 
Those i n d i v i d u a l s tha t develop the a n a l y s i s l o g i c u t i l i z i n g c r i ­
t e r i a and weight ing a r e , in e f f e c t , determining the b a s i s on which a 
system and i t s subsystems a r e cons idered a c c e p t a b l e or u n a c c e p t a b l e . I t 
i s t he se i n d i v i d u a l s tha t should s e t an a c c e p t a b l e and unaccep tab le mean 
l e v e l f o r each data requirement . 
A procedure fo r the de te rmina t ion of the a c c e p t a b l e mean v e c t o r s 
i s not tendered he r e . The exac t p rocess by which the c r i t e r i a and 
weight ing a r e developed fo r the da ta requirements of a p a r t i c u l a r t e s t 
a r e p e c u l i a r to tha t t e s t . Hence, the a c c e p t a b l e and unaccep tab le mean 
v a l u e s fo r the a t t r i b u t e s of each v e c t o r a r e dependent upon the a n a l y s i s 
conducted by the t e s t d e s i g n e r s . 
Genera t ion of Data 
Once the c o v a r i a n c e ma t r ix and a c c e p t a b l e and unaccep tab le mean 
^6 
v e c t o r s have been determined, i t i s n e c e s s a r y to gene ra t e two s e t s of 
m u l t i v a r i a t e normal data in order to app ly s t epwise d i s c r i m i n a n t a n a l y s i s . 
In order to genera te a m u l t i v a r i a t e normal d i s t r i b u t i o n , i t i s n e c e s s a r y 
to u se a fundamental theorem of m u l t i v a r i a t e s t a t i s t i c a l a n a l y s i s . This 
theorem s t a t e s tha t i f -2*• = (2rH, . . ..,-2- ) i s N ( 0 , I ) , then X wi th mean y 
1 D 
and c o v a r i a n c e ma t r ix E can be represen ted as 
X = C % + y 
where G is a unique lower triangular matrix satisfying 
E = C <T 
The gene ra t i on of X can now be accomplished by : ( 1 ) computing C, (2) 
gene ra t ing p independent normal v a r i a t e s , and (3) app ly ing X = C 2 - + y ( 2 2 ) . 
Appendix A con t i ans a computer program fo r the gene ra t ion of a m u l t i ­
v a r i a t e normal d i s t r i b u t i o n . 
S tepwise Discr iminant A n a l y s i s 
Having generated the n e c e s s a r y da ta , a s t epwi se d i s c r iminan t 
a n a l y s i s a s d i s c u s s e d i n the methodology s e c t i o n i s conducted. The F 
to i nc lude , F to exc lude , and the s i g n i f i c a n c e l e v e l a a r e the means 
by which the degree of c r i t i c a l i t y can be somewhat c o n t r o l l e d . I f F to 
inc lude i s s e t " too h igh" , the number of v a r i a b l e s en te r ing the s e t of 
a t t r i b u t e s tha t d i s c r i m i n a t e s between the p o p u l a t i o n s , H, w i l l be s e v e r e l y 
r e s t r i c t e d . I f the F to exc lude i s s e t " too h igh" , v a r i a b l e s w i l l be 
removed from the s e t H. I f the a l e v e l i s s e t " too low", then the 
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F, l e v e l fo r each s t ep w i l l be "too h igh" and i t w i l l a f f e c t 
l-a > v 1 > V 2 
en t ry i n t o H. 
The F and a v a l u e s may be ad jus ted to f i t the d a t a . This permi ts 
f l e x i b i l i t y i n the type and q u a l i t y of the r e s u l t s . 
A n a l y s i s of R e s u l t s 
This f i n a l s t ep in the procedure to i d e n t i f y c r i t i c a l a t t r i b u t e s 
r e v i e w s the s u b j e c t i v e i npu t s , the c o n t r o l parameters , and the f i n a l 
r e s u l t s of the s t epwise d i s c r iminan t a n a l y s i s . These f a c t o r s a r e ana lyzed 
i n an e f f o r t to s o l i d i f y the end r e s u l t s in to a p roduc t ive package tha t 
can be p r a c t i c a l l y u t i l i z e d i n fu tu re o p e r a t i o n a l t e s t s . 
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CHAPTER V 
DEMONSTRATION OF THE METHODOLOGY 
In t roduc t ion 
This chapter w i l l demonstrate the methodology presented i n 
Chapter IV. The b a s i s fo r the demonstrat ion w i l l be the da ta from the 
D i v i s i o n Command Pos t T e s t FM 286. R e c a l l tha t the t e s t o b j e c t i v e s , to 
e v a l u a t e the e f f i c i e n c y of the command pos t i n command and c o n t r o l of 
d i v i s i o n t a c t i c a l ope ra t ions and to e v a l u a t e the v u l n e r a b i l i t y of the 
command pos t during d i v i s i o n t a c t i c a l o p e r a t i o n s , were d e r i v e d from oper ­
a t i o n a l i s s u e s . These t e s t o b j e c t i v e s were fu r the r subdiv ided f u n c t i o n ­
a l l y , a s shown by F i g u r e 3 , and o p e r a t i o n a l l y , as i l l u s t r a t e d by F i g u r e s 
1 and 2 . For the purpose of c l a r i t y , the demonstrat ion w i l l be r e s t r i c t e d 
to the opera t ions subsystem. 
Conduct of the Methodology 
Examination and P r e p a r a t i o n of Data 
The ope ra t ions subsystem i s subdivided i n t o th ree second l e v e l 
e s s e n t i a l elements of a n a l y s i s . They i n c l u d e : 
1 . E f f i c i e n c y i n p l a n s , o r d e r s , and r e p o r t s 
2 . E f f i c i e n c y i n p rov id ing informat ion 
3 . E f f i c i e n c y i n s u p e r v i s i n g the execu t ion of p lans and o rders 
These second l e v e l EEA a r e r e l a t e d ; however, they a r e s t i l l r e l a t i v e l y 
d i s t i n c t da ta requi rements . At t h i s p o i n t , a grouping of the da ta 
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requirements can be i n i t i a t e d , t h e four th l e v e l EEA a r e the measurable 
da ta requ i rements , or a t t r i b u t e s . S e l e c t the e f f i c i e n c y to p rov ide i n ­
format ion , second l e v e l EEA, as the example group. In order to r e s t r i c t 
the s i z e of the problem f o r demonst ra t ion , s e l e c t f i v e v a r i a b l e s f o r 
comparison, The on ly r e s t r i c t i o n tha t i s made on the cho ice of these 
v a r i a b l e s i s t ha t t he re must be da ta on these a t t r i b u t e s i n the form of 
frequency d i s t r i b u t i o n s . The f i v e a t t r i b u t e s s e l e c t e d and t h e i r f r e ­
quencies a r e shown i n Table 5 . 
The data on the f i v e a t t r i b u t e s a r e examined. The sample mean, 
sample v a r i a n c e , sample s tandard d e v i a t i o n , and maximum Kolmogofov-
Smirnov s t a t i s t i c s a r e c a l c u l a t e d . I f the max K-S s t a t i s t i c i s l e s s than 
a c r i t i c a l l e v e l , D , then the frequency d i s t r i b u t i o n s can be accepted as 
normal . For an a - l e v e l of . 0 5 , D . Q ^ equa l s . 8 8 6 / * ^ , where N i s the 
t o t a l number of o b s e r v a t i o n s f o r an a t t r i b u t e . The c r i t i c a l D . Q ^ l e v e l s 
a r e a s f o l l o w s : 
1 . A t t r i b u t e A: .0666 
2 . A t t r i b u t e B : .0666 
3 . A t t r i b u t e C: .0668 
4. A t t r i b u t e D : . 0 7 5 7 
5 . A t t r i b u t e E : .0709 
R e a d i l y , i t i s apparent tha t the o r i g i n a l da ta i s r e j e c t e d as being u n i ­
v a r i a t e normal f o r each a t t r i b u t e , s ee Table 6. Tab les 7 and 8 a l s o 
show tha t l o g a r i t h m i c and square roo t t r ans format ions f a i l to ge t the 
data i n a form such tha t the d i s t r i b u t i o n s a r e " a c c e p t a b l e " a s normal ly 
d i s t r i b u t e d . 
Table 5 . Data D i s t r i b u t i o n 




,, -1 , 
CM 3 • • 4 • 5 
Relevancy Of 
Information 88 73 1 4 0 2 1 7 7 
Accuracy of 
Information 60 : 95 1 8 : : 4 0 1 7 7 
T ime l ines s of ; 
Information | 1 3 49 38 23 5 1 7 6 
Chg of J 
Com LOc I 62 1 38 22 3 1 1 1 3 7 
Organ J | 
Concept !••• 24 J 69 
I \ 
33 1 1 0 I 20 1 5 6 
5 1 
Tab le 6. Data , No Transformat ion 
V a r i a b l e Sample Sample S t d . Sample Max K-S 
Mean Dev ia t i on Var i ance S t a t i s t i c 
A .l.bi:>8 , U./3U3 U.5334 U . 5 9 1 2 
B 1 .8079 0 .7050 0.4970 0 . 5 5 7 3 
C 1 . 9 4 3 2 . 1 . 4 7 2 5 2 . 1 6 8 2 0.2090 
D 1 . 9 7 8 1 1 .2094 : * 1 .4628 0 .4169 
E .. 2 . 5 7 0 5 1 . 2 0 8 1 1 . 4 5 9 5 0 .2778 
Tab le 7 . Data , Log Transformat ion 
V a r i a b l e Sample Sample S t d . Sample Max K - S , 
Mean Dev ia t i on Var iance S t a t i s t i c 
A 0 . 3 9 1 0 0 . 4 1 3 5 0 . 1 7 1 0 0 .5256 
B 0 . 5 1 5 1 0 .3995 0 . 1 5 9 6 0 . 4 9 1 7 
C 0 . 6 5 7 1 0 .5376 0.2890 0 .2747 
D 0 .5283 0.5480 0.3003 0 . 4 1 5 3 
E 0 .8342 0.4782 0.2287 0 .2238 
Table 8. Data , Square Root Transformat ion 
V a r i a b l e Sample Sample S t d . Sample Max K-S 
Mean Dev ia t ion Var i ance S t a t i s t i c 
A 1 . 2 4 2 7 0.2682 0 . 0 7 1 0 0.4994 
B 1 . 3 1 9 4 0.2599 0.0676 0.5000 
C 1 . 1 6 6 4 0 .7654 0.5859 0.4922 
D 1 . 3 4 6 3 0.4084 0 .1668 0.4926 
E 1 . 5 6 0 6 0 .3685 0 . 1 3 5 8 0.4936 
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There i s a wide d i s p a r i t y between the c r i t i c a l D l e v e l s and the 
maximum K-S s t a t i s t i c s . As shown by F i g u r e 5 , the d i s t r i b u t i o n "appears" 
to have a somewhat normal shape. One reason fo r the d i s p a r i t y i s the 
l i m i t e d range of o b s e r v a t i o n s . A second reason i s t ha t the a t t r i b u t e s 
a r e r a t ed on a continuum from 1 to 5; however, the a c t u a l r a t i n g s a r e 
r e s t r i c t e d to i n t e g e r s . With these c o n s i d e r a t i o n s in mind, the p r o c e ­
dure p r o g r e s s e s to the de te rmina t ion of the c o v a r i a n c e m a t r i x . 
Determinat ion of the Covar iance Mat r ix 
The f i r s t phase in the de te rmina t ion of the c o v a r i a n c e ma t r ix 
p roces s i n v o l v e s " e s t i m a t i n g " a c o r r e l a t i o n c o e f f i c i e n t f o r each p a i r 
S e l e c t a p a i r of a t t r i b u t e s f o r ' c o n s i d e r a t i o n . 
Normalize each a t t r i b u t e so tha t the means of each 
a t t r i b u t e a r e e q u a l . S e l e c t v a r i a b l e s A and C. 
Le t the s c a l e of measurement range from 1 to 7 c o r r e ­
sponding to - 3 to +3 standard d e v i a t i o n s from the 
mean, z e r o . 
- 3 - 2 - 1 0 + 1 +2 +3 
I I i M M 
1 2 3 4 5 6 7 
of a t t r i b u t e s . 
S tep 1 : 
Step 2 : 
S tep 3 : Le t A v a r y from 1 to 7 by i n t e g e r s , cons ide r a l l o ther 
a t t r i b u t e s to be a t t h e i r unnormalized means, and, 
e s t ima te C for every v a l u e of A. 
d 
I I I I I I I I I I 
c s c s i n v o 
i ii i i i r 








A 3 N 3 H D 3 d d 
Figure 5. Distribution of Variables 
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A Value C Value 
Step 4 : Convert the v a l u e s obta ined from Step 3 to s tandard 
d e v i a t i o n s . 
00 (c) 
- 3 - 3 
- 2 - 3 
- 1 - 3 
+ 1 - 2 
+2 - 2 
+3 - 1 
Step 5 : L e t the v a l u e s f o r A equal k and the v a l u e s f o r 
C equal c a s shown above . 
Use p= and c a l c u l a t e the p f s . 
- 3 - 3 1 
- 2 - 3 3 / 2 
- 1 - 3 3 
+ 1 - 2 - 2 
+2 - 2 - 1 
+3 - 1 - 1 / 3 
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Step 6: Sum the p f s and d i v i d e by 6. 
Thus p A C = 1 3 / 3 6 - 0 . 3 6 1 1 . 
S tep 7: F i n a l l y , use the s imple c o r r e l a t i o n c o e f f i c i e n t 
to s o l v e for S A ^, . 
AC 
I 
SAC " P A C S A S C = CO.36) ( 0 . 7 3 0 3 ) ( 1 . 4 7 2 5 ) 
= 0 .387 
Complete the p a i r w i s e comparisons of each p a i r and c a l c u l a t e the 
"es t imated" c o v a r i a n c e ; see Tab les 9 and 1 0 . 
Determinat ion of the Mean Vector 
The methodology c a l l s f o r the de te rmina t ion of the a c c e p t a b l e 
and unaccep tab le mean v e c t o r s by a s u b j e c t i v e a n a l y s i s of the v a r i a b l e s 
i n v o l v e d . A mean v e c t o r c o n s i s t i n g of 1 . 5 f o r each a t t r i b u t e i n the 
a c c e p t a b l e popula t ion and a mean v e c t o r c o n s i s t i n g of 2 . 5 fo r each a t ­
t r i b u t e i n the unaccep tab le popula t ion were chosen. In t h i s i n s t a n c e , 
the v a l u e s were chosen to show what would r e s u l t from s e l e c t i n g a mean 
v e c t o r on e i t h e r s i d e of the sample means. 
Genera t ion of Data 
Two s e t s of data were gene ra t ed . One s e t of da ta had as i t s 
mean, the a c c e p t a b l e mean v e c t o r . The second s e t had as i t s mean, the 
unaccep tab le mean v e c t o r . Both s e t s of da ta used the c o v a r i a n c e ma t r ix 
i n the gene ra t i on of d a t a . The p r in tou t of da ta i s g iven i n Appendix C. 
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Table 9. Correlation Matrix 
VARIABLES 
VARIABLES 
. • A B C D E 
A 1.00 0.65 0.36 0.58 0.25 
B 0.65 1.00 0.47 0.50 0.50 
C 0.36 0.47 1.00 0.42 0.65 
D 0.58 0.50 0.42 1.00 0.80 
E 0.25 0.50 0.65 0.80 1.00 
Table 10. Covariance Matrix 
VARIABLES 
VARIABLES 
A B C D E 
A 0.5334 0.335 0, 387 0.512 0.221 
B 0.335 0.497 0.488 0.426 0.426 
C 0.387 0.488 2.168 0.748 1.156 
D 0.512 0.426 0.748 1.463 1.169 
E 0.221 0.426 1.156 1.169 1.460 
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S tepwise Disc r iminan t A n a l y s i s 
Biomedica l Computer Program 07M u t i l i z e d the da ta generated i n 
the p rev ious s t e p . The F to i nc lude was s e t a t 0 . 0 1 and the F to exc lude 
was s e t a t 0 . 005 . The summary t a b l e i s as f o l l o w s : 
Table 1 1 . Summary 
Step 
Number 





V a r i a b l e s Included 
U S t a ­
t i s t i c 
1 2 1 1 1 . 2 8 2 8 1 0.6402 
2 1 1 4 . 0 9 4 5 2 0.5974 
3 5 5 . 8 6 1 6 3 0 . 5 8 0 1 
4 4 3.4448 4 0 .5700 
5 3 1 .4660 5 0.5688 
The r e s u l t s of each s t ep in the program a r e g iven i n Appendix C. 
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Using an a l e v e l of 0 . 0 5 , the summary t a b l e i s : now used to f ind 
which a t t r i b u t e s should be used i n the " b e s t " c l a s s i f i c a t i o n procedure . 
F S t a t i s t i c F to en ter V a r i a b l e 
l - a » v » v 2 
F , 9 5 , 1 , 1 9 8 * 3 . 9 1 1 1 . 2 8 2 8 2 
F l - F ' 9 5 , 1 , 1 9 7 = 3 . 9 1 4 . 0 9 4 5 1 
F i 
1 2 
F ' 9 5 , 1 , 1 9 6 * 3 . 9 5 . 8 6 1 6 5 
F = 
l - a » v i , v 2 
F " 9 5 , 1 , 1 9 5 - 3 . 9 3.4448 4 
F . 
l - a , v , v 2 
F , 9 5 , 1 , 1 9 4 > 3 .84 1 .4660 3 
S i n c e the F to en te r fo r v a r i a b l e 4 i s l e s s than F « 9 5 1 1 9 5 then 
H = { 2 , 1 , 5 } , or i n the no ta t ion used i n f ind ing the c o v a r i a n c e ma t r ix 
H = { B , A , E } . Now, s i n c e the t h i r d s tep was the l a s t s t ep i n which a v a r i ­
a b l e en te red , formulate the l i n e a r d i sc r iminan t funct ion from the c o ­
e f f i c i e n t s and cons tan t s a t Step 3 . 





- a = 
2 1 





- a = 
22 





a 2 5 = 
.65847 - 1 . 1 1 4 6 4 = - . 4 5 6 1 7 
c - c -
2 
- c = -
1 
9 .57256 - ( - 3 . 8 7 1 4 3 ) = - 5 . 7 0 1 1 3 
Thus, c l a s s i f y x in to W , the a c c e p t a b l e popu la t ion , i f . 
^ 1 
Z = - 1 . 2 4 6 1 5 x - 1 . 1 5 4 6 3 x - .4567x > - 5 . 7 0 1 1 3 
1 2 3 -
where the p r i o r p r o b a b i l i t i e s a r e e q u a l . 
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Now c a l c u l a t e the es t imated Mahalanobis d i s t a n c e , D^, 
fo r each s tep q. 
2 q(n +n ) (n +n - 2 ) i 
D = 1 2 1 2 F 
q n n (n +n - q - 1 ) 
1 2 1 2 
where F i s the approximation to the U s t a t i s t i c . F i s an exac t approx­
imation i n t h i s c a se because the re a r e two p o p u l a t i o n s . 
2 1 ( 2 0 0 ) ( 1 9 8 ) 
D = ~— — (0 .6402) = 0 .012804 
1 (100 ) (100 ) ( 1 9 8 ) 
2 2 ( 2 0 0 ) ( 1 9 8 ) 
D = " ~~ ~~ ~ (05 .5974) = 0.040203 
2 ( 1 0 0 ) ( 1 0 0 ) ( 1 9 7 ) 
2 3 ( 2 0 0 ) ( 1 9 8 ) 
D = — " ( 0 . 5 8 0 1 ) = 0 .0606122 
3 ( 1 0 0 ) ( 1 0 0 ) ( 1 9 6 ) 
2 4 ( 2 0 0 ) ( 1 9 8 ) 
D = " (0 .5700) = 0 . 0 8 1 2 3 0 7 
4 ( 1 0 0 ) ( 1 0 0 ) ( 1 9 5 ) 
2 5 ( 2 0 0 ) ( 1 9 8 ) 
D = ' " (0 .5628) = 0 . 1 0 2 0 6 1 8 
5 ( 1 0 0 ) ( 1 0 0 ) ( 1 9 4 ) 
9 2 
Now t e s t HQ : A = A , which i s e q u i v a l e n t to t e s t i n g to s e e i f the 
q P 
l a s t a t t r i b u t e s c o n t r i b u t e to the d i s c r i m i n a t i o n ach ieved by the 
2 2 
a t t r i b u t e s in H. Approximate A by D , where m=p or q. T e s t i n g 
m m 




(p-q) (n +n ) ( n +n -2 )+n•n D 
1 2 1 2 1 2 q 
F = 1 . 0 0 5 1 2 7 
F = F ~ 3 . 9 
l - a , p - q , n +n - p - 1 . 9 5 , 1 , 1 9 5 
1 2 
F > F , hence " f a i l to r e j e c t " the hypo thes i s , 
. 9 5 , 1 , 1 9 5 
T e s t i n g 
2 2 
H : D - D 
o 3 5 
F = 1 . 0 1 0 3 0 9 
F =• 4 .79 
l -cx ,2 ,194 
F > F, hence , " f a i l to r e j e c t " the h y p o t h e s i s . 
. 9 5 , 2 , 1 9 4 
A n a l y s i s of R e s u l t s 
The r e s u l t s of the s t epwise d i s c r iminan t procedure showed tha t 
v a r i a b l e s B , A, and E " b e s t " d i s c r i m i n a t e d between the a c c e p t a b l e and 
unacceptab le p o p u l a t i o n s . The t e s t of the es t imated Mahalanobis d i s t a n c e s 
showed tha t the d i s c r i m i n a t i o n was s i g n i f i c a n t a t the .05 l e v e l . These 
f i n d i n g s r e i n f o r c e the f i n d i n g s of the s t epwi se p r o c e s s . Although some 
au tho r s , i . e . , Cooley and Lohnes, po in t out tha t marg ina l normal i ty need 
(n +n - p - 1 ) n n (D -D ) 
F = 1 2 1 2 p g 
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not be t e s t e d when making an assumption of m u l t i v a r i a t e n o r m a l i t y , the 
r e s u l t s of the K-S t e s t showed tha t the d i s t r i b u t i o n of the sampling da ta 
was not u n i v a r i a t e normal f o r any a t t r i b u t e . I f , i n f a c t , the assumption 
of m u l t i v a r i a t e no rma l i ty i s v i o l a t e d , then the v a l i d i t y of the r e s u l t s 
i s q u e s t i o n a b l e . I f the s u b j e c t i v e development of the c o v a r i a n c e ma t r ix 
i s not c o n s i s t e n t , then the r e s u l t i n g s imula ted da ta i s not t r u l y r e p r e ­
s e n t a t i v e of the p o p u l a t i o n s . 
There a r e inadequac ies i n the p r o c e s s , but the approximation or 
es t imated r e s u l t s a r e s t i l l u s e f u l f o r the purpose f o r which the p roces s 
was deve loped . That purpose i s to p rov ide an a i d by which a t e s t d e ­
s i g n e r could determine which a t t r i b u t e s from a group of a t t r i b u t e s " b e s t " 
d i s t i n g u i s h between an a c c e p t a b l e and an unacceptab le sys tem. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
Conelusions 
M u l t i v a r i a t e a n a l y s i s techniques may be a v a l u a b l e a i d i n d e t e r ­
mining, o p e r a t i o n a l y , which a t t r i b u t e s a r e more u s e f u l i n d i s t i n g u i s h i n g 
between an a c c e p t a b l e and an unaccep tab le system or subsystem. The use 
of m u l t i v a r i a t e a n a l y s i s , i n g e n e r a l , and d i s c r iminan t a n a l y s i s , i n p a r ­
t i c u l a r , a r e adap tab le to " r e a l wor ld" o p e r a t i o n a l t e s t s . However, o p e r ­
a t i o n a l t e s t s and f o r c e development t e s t i n g and exper imenta t ion a r e not 
s t r u c t u r a l l y designed to f a c i l i t a t e the a p p l i c a t i o n ,0f m u l t i v a r i a t e 
s t a t i s t i c a l p rocedures . 
Given the presen t t e s t s t r u c t u r e , a v i a b l e approach to d e t e r ­
mining c r i t i c a l a t t r i b u t e s i s to i nco rpo ra t e a s u b j e c t i v e l y determined 
c o v a r i a n c e m a t r i x , s u b j e c t i v e l y determined a c c e p t a b l e and unaccep tab le 
mean v e c t o r s , and s t epwi se d i s c r iminan t a n a l y s i s i n a methodology. Once 
the c o v a r i a n c e ma t r ix has been determined, the s e l e c t i o n of the mean 
a t t r i b u t e v e c t o r s can be v a r i e d to s o l i c i t d i f f e r e n t r e s u l t s from the 
s t epwi se d i sc r iminan t a n a l y s i s . I t appears tha t the c l o s e r the a c c e p t ­
a b l e and unacceptab le v e c t o r s b r acke t the sample mean, the more s e n s i t i v e 
the p roces s i s to c r i t i c a l a t t r i b u t e s e l e c t i o n . 
L i m i t a t i o n s 
This r e s e a r c h was conducted under the premise tha t the b a s i c t e s t 
d e s i g n was not going to be changed. Consequent ly , i t i s l i m i t e d by the 
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assumption of marg ina l no rma l i ty f o r the o b s e r v a t i o n s on each a t t r i b u t e 
(and thus m u l t i v a r i a t e n o r m a l i t y ) . This t h e s i s d id not address the 
f e a s i b i l i t y of a l t e r i n g the b a s i c t e s t des ign i n order to i n s u r e the 
v a l i d i t y of the no rma l i ty assumption. 
The da ta were ana lyzed w i t h the s o l e purpose of determining the 
c r i t i c a l a t t r i b u t e s . The a p p l i c a b i l i t y of m u l t i v a r i a t e a n a l y s i s t e c h ­
niques i n the e v a l u a t i o n of the e f f e c t i v e n e s s of the command and c o n t r o l 
system was not cons ide red . 
The da ta were concerned wi th d i s c r e t e o b s e r v a t i o n s over a r e l a ­
t i v e l y smal l r ange . The m u l t i v a r i a t e s t a t i s t i c a l theory i s founded on 
the assumption of a continuous d i s t r i b u t i o n of o b s e r v a t i o n s f o r each 
a t t r i b u t e . 
This r e s e a r c h i s f u r t h e r l i m i t e d by the degree to which i n d i v i d u a l 
and s t a f f t e s t d e s i g n e r s a r e a b l e to s u b j e c t i v e l y e v a l u a t e measures of 
e f f e c t i v e n e s s and to s u b j e c t i v e l y e s t a b l i s h which mean v a l u e s con t r i bu t e 
to a s u c c e s s f u l and unsucces s fu l sys tem. A d d i t i o n a l l y , the d e f i n i t i o n 
of the term " c r i t i c a l a t t r i b u t e " p rec ludes the use of o the r m u l t i v a r i a t e 
a n a l y s i s t echn iques . 
Recommendations 
There should be an emphasis put on t e s t des ign tha t would permit 
the use of m u l t i v a r i a t e a n a l y s i s techniques to be more a p p l i c a b l e . The 
a p p l i c a b i l i t y of nonparametr ic s t a t i s t i c s i n determining the c o r r e l a t i o n s 
among v a r i a b l e s should be i n v e s t i g a t e d . The data c o l l e c t i o n procedure 
could be designed to permit the use of s e r i a l c o r r e l a t i o n . I t could 
a l s o be modif ied to enhance the normal i ty of the d i s t r i b u t i o n of 
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o b s e r v a t i o n s f o r each a t t r i b u t e . A more f l e x i b l e r a t i n g s c a l e should 
be developed tha t would enhance c r i t i c a l a t t r i b u t e d e t e c t i o n . In order 
to i n s u r e the v a l i d i t y of the no rma l i ty assumption, the r a t i n g scheme 
could be improved by extending the range of the s c a l e or by conver t ing 
to some o ther continuous r a t i n g s c a l e . 
The methodology developed i n t h i s t h e s i s should be implemented i n 
fu tu re o p e r a t i o n a l t e s t s . This a p p l i c a t i o n would enhance the v a l i d i t y 
of t h i s t echnique , a s w e l l a s o ther m u l t i v a r i a t e t echn iques , and a s s i s t 
i n the des ign of forthcoming o p e r a t i o n a l t e s t s . 
Fur ther study needs to be done i n the a r e a of the sensitivity of 
s t epwi se d i s c r i m i n a t i o n to the mean v e c t o r s . A g u i d e l i n e f o r the s e l e c ­
t i o n of the mean v e c t o r s to f a c i l i t a t e the degree to which c r i t i c a l 
a t t r i b u t e s a r e s e l e c t e d would be h i g h l y u s e f u l i n fu tu re a p p l i c a t i o n s of 






< ONE-WAY ANOVA 
One-way ANOVA i s b a s i c a l l y a s t a t i s t i c a l procedure f o r t e s t i n g 
the e q u a l i t y of s e v e r a l means. The under ly ing theory i s founded upon 
a l i n e a r s t a t i s t i c a l model by which a number of popu la t ions a r e compared 
on the b a s i s of o b s e r v a t i o n s on one random v a r i a b l e . A d e t a i l e d d i s c u s ­
s i o n of the theory i s a v a i l a b l e i n Hines and Montgomery ( 2 7 ) . In 
g e n e r a l , the t o t a l v a r i a t i o n i n the da ta i s p a r t i t i o n e d i n t o component 
p a r t s . These component p a r t s , d i f f e r e n c e s between popu la t ions and 
d i f f e r e n c e s w i t h i n popu l a t i ons , a r e used to develop a t e s t s t a t i s t i c . 
ssT = ssB + ssw 
SS_ i s the t o t a l sum of squa res ; SS^ i s the ( be tween-popula t ion sum of 
s q u a r e s ; and S S ^ i s the w i t h i n - p o p u l a t i o n sum of s q u a r e s . Le t a be the 
number of popula t ions and N be the t o t a l number of o b s e r v a t i o n s on a 
random v a r i a b l e , X. L e t the n u l l hypo thes i s be tha t the means of the 
popu la t ions a r e e q u a l . I t i s assumed tha t X i s normal ly d i s t r i b u t e d ; 
o 
t hus , S S _ / a i s a Chi -Square d i s t r i b u t i o n wi th N - l degrees of freedom, df 
9 9 2 9 
Hence, SS / a i s Y (N-a) and, i f the means a r e equa l , S S ^ / a i s x ( a - 1 ) . 
W a 
Under the n u l l h y p o t h e s i s , H , 
SS SS S S T T T = B + W 




2 ( N - 1 ) = x 2 ( a - D + X 2 ( N - a ) 
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where S S D / a and S S T T / c a r e independent x random v a r i a b l e s . I t i s 
D W 
a l s o known tha t F Q « S S g / ( a - l ) i s F ( a - l , N - a ) . C a l l S S g / ( a - l ) 
S S w / N - a ) 
and S S w / ( N - a ) mean s q u a r e s , MSg arid MSW r e s p e c t i v e l y . I t can be shown 
tha t F Q i s an app rop r i a t e t e s t s t a t i s t i c by t ak ing the expected v a l u e 
of MSg and MS W . I f the v a l u e of F Q i s too l a r g e , then the n u l l 
hypo thes i s tha t the means a r e equal should be r e j e c t e d . I t w i l l be seen 
i n the s t epwise d i sc r iminan t a n a l y s i s procedure tha t i t i s h i g h l y 
d e s i r a b l e to r e j e c t the n u l l hypo thes i s and to have the h i g h e s t v a l u e 
of F Q tha t i s p o s s i b l e . 
DISCRIMINANT FUNCTION , 
The s tandard c l a s s i f i c a t i o n procedure f o r p continuous v a r i a b l e s 
assumes tha t a v e c t o r of Observat ions comes from one Of two m u l t i v a r i a t e 
normal p o p u l a t i o n s . Le t the v e c t o r of o b s e r v a t i o n s be represen ted by 
x • (xn x_) " and assume tha t one popu la t i on , Wn i s N (uP x " ' ' , £ P X P ) 
a, J - P J - o,l 
and the second popu la t ion , W0, i s N ( u p x l , £ P X P ) . ; 
I f u i , U o , arid Z a r e assumed to be known, then i t seems r e a s o n a b l e , 
<\j a. a. 
i n t u i t i v e l y , tha t a l i n e a r combination of the o b s e r v a t i o n s can be found 
by which that v e c t o r of o b s e r v a t i o n s can be c l a s s i f i e d in to W^, or W 2. 
The l i n e a r combination of o b s e r v a t i o n s 
Z-̂  « a^xi + a 2 X 2 +...+ a p x p Cl) 
i s c a l l e d a d i s c r iminan t func t ion . C l a s s i f y x i n to W-i i f Z i s g r e a t e r 
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than or equal to some cons tant C or c l a s s i f y x in to Wo i f Z i s l e s s than 
tha t cons tan t . Thus, i f the and C can be determined such tha t the 
p r o b a b i l i t y of making an i n c o r r e c t c l a s s i f i c a t i o n i s minimized, then the 
problem i s s o l v e d . 
• 2 
Suppose x i s from W-, . In t h i s c a s e , Z i s N(_Ci» Q ) where 
P 
t h = 1 ai*iy a n d 
2 P P 
a „ = Z I a . a . . a . 
z i = i - j - i 1 ^ J 
I f x i s from W 0, then Z i s N(Co, a?)where 
p 
Co = 2 a . y 9 . , and 
j = i J J - y 
a z i s g iven above . In order to maximize the d i s t a n c e between the two 
popu la t i ons , the ct^ should be chosen so tha t the means of the two popu­
l a t i o n s a r e a s f a r a p a r t a s p o s s i b l e . Thus the Mahalanobis d i s t a n c e 
2 (?1-C 2) 2 
can be u t i l i z e d . I t can be shown tha t the c o e f f i c i e n t s which maximize 
o • 
A a r e the s o l u t i o n s to the s e t of l i n e a r equat ions 
° l a l l + a 2 a 1 2 +•••••+ a p a l p = U l l - P - 2 1 
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a l a 2 1 + a 2 a 2 2 + " * + a p a 2 p = H2'V22 
a l a p i + a 2 a P 2 + ' '' + Vpp = y l P ~ y 2 p < 3 > 
The d i sc r iminan t s c o r e Z for a v e c t o r of obse rva t i ons can be found by 
us ing the A i obtained from the s o l u t i o n of ( 3 ) i n equat ion CL)• 
I n t u i t i v e l y , the cons tant c would be tha t point between £^ and £2 
tha t minimized the p r o b a b i l i t y of c l a s s i f y i n g x i n t o W-., or W 9 i n c o r r e c t l y , 
S ince the v a r i a n c e fo r both popula t ions a r e e q u a l , then i t seems obvious 
tha t C should be the midpoint between £^ and £2 Csee F i g u r e 6 ) . 
Thus the procedure i s to c l a s s i f y x i n to i f Z>C or 
I a / x , > 1 + ^ 2 
and to c l a s s i f y x onto W 9 i f Z<C or 
P r r E a . x . < S + S 
j = l 2 
I t can be shown Cl) tha t t h i s i n t u i t i v e approach i s c o r r e c t i f the a pr i ­
o r i p r o b a b i l i t y tha t a v e c t o r comes from W-̂  i s equal to the a p r i o r i pro­
b a b i l i t y that i t comes from W 2 and i f the c o s t s of m i s c l a s s i f i c a t i o n a r e 
e q u a l . Otherwise , from the g e n e r a l i z e d Bayes c l a s s i f i c a t i o n procedure 
presented by A f i f i and Azen c l a s s i f y x i n to W-, i f 
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F i g u r e 6. D i s t r i b u t i o n of Z . 
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Z > I _ _ _ _ + L N L _ F _ ^ 
2 q x C ( 2 | l ) (4) 
and c l a s s i f y x in to W0 i f 
C_+C2 q2 C ( l | 2 ) 
Z < -r In 
2 q x C ( 2 | l ) (5) 
where q^ a r e the a p r i o r i p r o b a b i l i t i e s fo r being c l a s s i f i e d in to popula­
t i o n W_, i - 1 , 2 and C(2.{'1) and C ( l | 2 ) a r e the c o s t s of m i s c l a s s i f i c a t i o n . 
I t was assumed i n i t i a l l y that the parameters of the popula t ion 
d i s t r i b u t i o n s were known. I f Ĵ J_»Jti>2' a n c * \ a r e u n ^ n o w n a n c * I f x i _ » • • • » x i n i » 
1 = 1 , 2 a r e independent random samples from and W2, then ^ » u > 2 » a n c * \ 
can be es t imated by x , , x 0 , and S, r e s p e c t i v e l y , where x . , i = l , 2 a r e sample 
means and S i s the pooled sample c o v a r i a n c e m a t r i x . These c o n s i s t e n t 
e s t i m a t o r s a r e a p p l i e d to the g e n e r a l i z e d Bayes c l a s s i f i c a t i o n procedure 
which becomes an es t imated g e n e r a l i z e d Bayes c l a s s i f i c a t i o n procedure . 
Using X J J , 1 = 1 , 2 , j = l , . . . , p and s j m , m = l , . . . , p i n equat ion ( 3 ) , s o l v e fo r 
e s t ima te s of ct̂  denoted by a^. Use the a^ to c a l c u l a t e the es t imated 
d i s c r im inan t s c o r e Z_k f o r each o b s e r v a t i o n v e c t o r x ^ k = l , . . . , n ^ . E s t i ­
mate by 
_ 1 n i 
2 
and e s t ima te by 
73 
Thus the es t imated g e n e r a l i z e d procedure modi f i e s equat ions (4) and (5) 
so that x i s c l a s s i f i e d in to W^ i f 
p Z x + Z 2 q 2 C ( l | 2 ) 
Z = I a . x > + I n — — 
1 = 1 2 q i C ( 2 | l ) (6) 
and x i s c l a s s i f i e d i i i to Wo i f 
'V. ^ 
Z , + Z 2 q C ( l | 2 ) 
Z < + In 
2 q C ( 2 | l ) 





Under the assumptions tha t the s e v e r a l o r i g i n a l v a r i a b l e s have a m u l t i ­
v a r i a t e normal d i s t r i b u t i o n w i t h i n the popula t ions from which the samples 
were drawn and tha t the c o v a r i a n c e m a t r i c e s for the two popu la t ions a r e 
2 2 equa l , an F s t a t i s t i c de r ived from D can be used to t e s t H Q : A =0 or 
e q u i v a l e n t l y H_: p -, =u 0 . 
n 1 n 2 ( n i + n 2 - p - l ) 9 
F = D 
p ( n 1 + n 2 ) ( n 1 + n 2 " 2 ) 
F i s compared wi th F i - a , p , n i + n 2 - p - l . Thus, t h i s F s t a t i s t i c i s the same 
a s tha t F which u t i l i z e s the two-sample H o t e l l i n g T 2 s t a t i s t i c f o r t e s t i n g 
e q u a l i t y of mean v e c t o r s . 
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n 1 + n 2 - p - l 2 
F = .:' • T 
STEPWISE DISCRIMINANT ANALYSIS 
S tepwise d i s c r i m i n a n t a n a l y s i s i s a m u l t i v a r i a t e a n a l y s i s technique 
by which a subse t of v a r i a b l e s tha t " b e s t " d i s c r i m i n a t e between k popula­
t i o n s can be i d e n t i f i e d from the whole s e t of v a r i a b l e s . This t h e s i s i s 
only concerned wi th two p o p u l a t i o n s . The c a s e of k=2 w i l l be d i s c u s s e d 
he r e . The procedures fo r the g e n e r a l c a s e , where k can r e p r e s e n t m u l t i ­
p l e popu la t i ons , i s presented i n A f i f i and Azen (1). The terminology used 
by A f i f i and Azen i s adapted he re . 
Consider two m u l t i v a r i a t e normal p o p u l a t i o n s , W-̂  and W2, w i th 
parameters d i s c u s s e d above where a p dimensional o b s e r v a t i o n v e c t o r was 
c l a s s i f i e d in to one of two m u l t i v a r i a t e normal p o p u l a t i o n s . The g e n e r a l 
l o g i c behind the s t epwise d i s c r im inan t procedure i s to f i r s t i d e n t i f y the 
v a r i a b l e fo r which the mean v a l u e s i n the two popu la t ions a r e "most d i f ­
f e r e n t . " This v a r i a b l e w i l l be entered i n t o a s e p a r a t e s e t . T h e r e a f t e r , 
on s u c c e s s i v e s t e p s , the c o n d i t i o n a l d i s t r i b u t i o n of each v a r i a b l e not 
en te red , g i v e n the v a r i a b l e s en te red , w i l l be cons ide red . Of the v a r i ­
a b l e s not en te red , the v a r i a b l e fo r each mean v a l u e of the c o n d i t i o n a l 
d i s t r i b u t i o n s i n the two popula t ions which a r e "most d i f f e r e n t " w i l l be 
i d e n t i f i e d . This v a r i a b l e w i l l be added to the s e p a r a t e s e t . The s t e p ­
w i s e p rocess i s stopped when no a d d i t i o n a l v a r i a b l e s s i g n i f i c a n t l y con­
t r i b u t e to the d i s c r i m i n a t i o n between the two p o p u l a t i o n s , t h e measure 
by which the "most d i f f e r e n t " v a r i a b l e s a r e s e l e c t e d i s a one-way a n a l y s i s 
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of v a r i a n c e (ANOVA) F s t a t i s t i c . , r 
A one-way ANOVA F s t a t i s t i c tha t i s c a l c u l a t e d on those v a r i a b l e s 
not entered in to the s e p a r a t e s e t i s c a l l e d an F to e n t e r . A one-way ANOVA 
F s t a t i s t i c c a l c u l a t e d for those v a r i a b l e s tha t a r e i n the s epa ra t e s e t i s 
c a l l e d an F to remove. There a r e two f i x e d F s t a t i s t i c s that a r e used a s 
c o n t r o l parameters i n the procedure . These a r e F to inc lude and F to 
e x c l u d e . These a r e minimal a c c e p t a b l e v a l u e s for F to enter and F to 
remove. 
A d e t a i l e d program fo r the s t epwise procedure i s a s f o l l o w s : 
Step 0: L e t x p x l , . . . , x P x l , and x p x l , . . . , x P x l be random samples from Wi 11 l n i 21 2n2 
and W ,̂ r e s p e c t i v e l y . The F to enter a long w i th i t s degree of 
freedom (df) i s computed fo r each X j , j - l , . . . , p . Th i s F i s a one­
way ANOVA F s t a t i s t i c fo r t e s t i n g H 0 : uij=U2j, f o r j = l , . . . , p . 
I f a l l F to enter a r e l e s s than F to i n c l u d e , a p r e s c r i b e d i n ­
c l u s i o n l e v e l , the p rocess i s te rminated . I f t h i s o c c u r s , the 
conc lus ion i s tha t no v a r i a b l e s i g n i f i c a n t l y d i s c r i m i n a t e s 
between the two p o p u l a t i o n s . 
Step 1: The v a r i a b l e having the l a r g e s t F to en te r i s chosen a s the 
1 
f i r s t v a r i a b l e to enter the s e p a r a t e s e t , H. The es t imated l i n ­
ear d i s c r iminan t c o e f f i c i e n t and cons tan t a r e c a l c u l a t e d for both 
popula t ion W-̂  and W2. The c l a s s i f i c a t i o n t a b l e , U s t a t i s t i c , 
and an F approximation to U a r e c a l c u l a t e d . The F to remove fo r 
XA , which i s equal to the F to en t e r , and i t s df i s c a l c u l a t e d . 
J l 
The F to enter and i t s df f o r each v a r i a b l e not entered a r e 
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c a l c u l a t e d . These t e s t the hypo thes i s H : • u n ^ = y o . . where 
o J J • J ^ 1 * ^ 1 
y_-. . i s the mean of the c o n d i t i o n a l d i s t r i b u t i o n i n W J of X-; 
g i v e n X. , 1 = 1 , 2 , j = l , . . . , p , I f a l l the F to en ter a r e 
1 
l e s s than F to i n c l u d e , then the l a s t s t e p , Step S, i s execu ted . 
Otherwise, Step 2 i s execu ted . 
Step 2 : The v a r i a b l e X-? i s chosen from those F to en ter computed i n 
2 
s t ep 1 tha t has the maximum F . Thus, now the s e p a r a t e s e t con­
t a i n s X., and X.: , H = {X* X., } . The two es t imated l i n e a r 
J l J 2 J l » J 2 
d i sc r iminan t c o e f f i c i e n t s and cons tant a r e c a l c u l a t e d f o r each 
popula t ion and V^. The c l a s s i f i e d t a b l e , U s t a t i s t i c , and F 
approximat ion to U a r e c a l c u l a t e d . The F to remove and t h e i r df 
a r e c a l c u l a t e d fo r X/ and XJ 
' 2 
i s the mean of the con-
LY and X* . These t e s t H G : y_ . . = y 0 . 
J l 2 1 J l ' J 2 ^J . l -3 .2 
and H Q : y x = y 2 . . , where y . 
J 2 ° l J 2 ° l • U ° 1 3 2 
d i t i o n a l d i s t r i b u t i o n in W-: of X., g i v e n XA and X. , i = l , 2 , 
i j J l 3 2 
j = l , . . . , p , j * ; ^ or j 2 . 
S tep 3 : (a) L e t t i n g L denote the s e t of k v a r i a b l e s which have been 
entered ( r e p l a c i n g H) . I f any of the F to remove fo r the v a r i ­
a b l e s in L a r e l e s s than F to exc lude , a p r e s c r i b e d d e l e t i o n 
l e v e l , d e l e t e from L the v a r i a b l e wi th the s m a l l e s t F to remove 
and execu te (b) wi th k - 1 r e p l a c i n g k. I f a l l the F to en te r f o r 
the v a r i a b l e s not in L a r e l e s s than F to i n c l u d e , execu te Step 
S . Otherwise, choose the v a r i a b l e wi th the l a r g e s t F to e n t e r , 
and add i t to L so tha t k+1 r e p l a c e s k. 
(b) The k es t imated l i n e a r c o e f f i c i e n t s and cons tan t a r e c a l ­
cu l a t ed fo r and W 2. The c l a s s i f i c a t i o n t a b l e , U s t a t i s t i c , 
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and F approximat ion to U a r e c a l c u l a t e d . C a l c u l a t e the F to 
remove and i t s df fo r each v a r i a b l e in L . These t e s t H Q : y ^ s # (k-1) 
s a U 2 s > ( k - l ) f ° r each X i n L g i v e n the remaining k-1 v a r i a b l e s i n 
L . The no t a t i on y i s . ( k-1) i s the mean of the c o n d i t i o n a l d i s ­
t r i b u t i o n i n W-L of X s g i v e n a l l the other v a r i a b l e s i n L except 
X g . The F to enter and t h e i r df a r e c a l c u l a t e d f o r those v a r i ­
a b l e s not in L . These t e s t H G : y ^ j \k~^2j .kt where \i±^ i s the 
mean of the c o n d i t i o n a l d i s t r i b u t i o n i n W_ of Xj g iven a l l the 
v a r i a b l e s i n L where 1=1,2, j = l , . . . , p , X j not i n L . 
Step 4,5,...: Repeat Step 3 r e c u r s i v e l y u n t i l a l l the v a r i a b l e s have 
been entered and no F to remove i s l e s s than the F to exc lude or 
when the F to enter i s l e s s than the F to i nc lude for a l l v a r i ­
a b l e s not i n L . Then execu te S tep S . 
Step S: The p o s t e r i o r p r o b a b i l i t y of be longing to W^ and W2 i s c a l c u l a t e d 
for x ^ and X 2 k where k d e s i g n a t e s the v a r i a b l e s en te red . These 
p r o b a b i l i t i e s a r e used to c l a s s i f y each s e t of da ta in to one of 
the two popula t ions and a c l a s s i f i c a t i o n t a b l e i s p repared . A 
summary t a b l e i s p repared . In t h i s t a b l e , the s tep number, the 
v a r i a b l e entered or removed, the F to en ter or F to remove, the 
U s t a t i s t i c , and the F approximat ion to U i s g i v e n for each s t e p . 
This completes the s t epwi se d i s c r im inan t a n a l y s i s procedure . The 
summary t a b l e i s then used to determine which v a r i a b l e s " b e s t " d i s c r i m ­
i n a t e between the two p o p u l a t i o n s . L e t a be a p r e s c r i b e d s i g n i f i c a n c e 
l e v e l . I f the F to enter fo r v a r i a b l e X-s in Step 1 i s l e s s than F n „ 
J l i -a . , 
v u , then i t i s not p o s s i b l e to s i g n i f i c a n t l y d i s c r i m i n a t e between the 1» Z * 
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two popu la t i ons . Otherwise , H = {X. } . In Step 2, X. was en te red . I f 
J l J 2 
i t s F to enter i s l e s s than F-, „ ^ V o then H = {X- }.. Otherwise, H = 
-L-w» v i » v2, J l 
{X , X . } . For each s t ep t h e r e a f t e r , i f a v a r i a b l e i s removed, d e l e t e i t 31 J 2 
from H and go on to the next s t e p . I f a v a r i a b l e i s en te red , compare i t s 
F to enter wi th F- . I f i t s F to en ter i s l e s s than F ' , 
l - a , v 1 , v 2 l - a , v 1 , v 2 
s top amending H. Otherwise , augment H and go on to the next s t e p . 
Once a l l v a r i a b l e s tha t a r e e l i g i b l e f o r en t ry have entered H, the 
l i n e a r d i sc r iminan t func t ion , d, can be obta ined by t ak ing the d i f f e r e n c e 
of the two es t imated d i s c r iminan t s c o r e s . 
ai = a l i " a2i 
C = Z l + Z 2 = c 2 - Ci 
2 
d = E a±x± 
x 4 e H 
Thus, an o b s e r v a t i o n v e c t o r con ta in ing those v a r i a b l e s in H can be c l a s s i ­
f i e d in to popu la t ion W-̂  i f d>C. L e t q d e s i g n a t e the v a r i a b l e s in H. 
S ince the re a r e on ly two popu la t i ons , the F approximat ion to U i s e x a c t . 
The es t imated Mahalanobis d i s t a n c e based on q v a r i a b l e s Dq 2 may be obtained 
from the F approximat ion to U. 
q(n 1 +n 2 )(ni+n 2-2) 
•D = — = 
4 n-^n 2 Cni+n2-q-l) 
f o r q = l , . . . , p and the sample s i z e s n^ and n 2 from and W 2, r e s p e c t i v e l y . 
Suppose the v a r i a b l e s X-, X n a r e i n H. To t e s t tha t the remaining 
7 9 
X , - i X_ do not c o n t r i b u t e to the d i s c r i m i n a t i o n ach ieved by the v a r i -
q - r j . , . . . , p 
a b l e s i n H , t e s t H : A 2 - A 2 . Th i s t e s t s the d i f f e r e n c e between the 
° q p 
popu la t ion Mahalanobis d i s t a n c e based on the q v a r i a b l e s i n H and a l l p 
v a r i a b l e s . Le t D 2 and D 2 be the sample e s t ima tes of A 2 and A 2 . Then, 
n l + n 2 - p - l n 1 n 2 ( D 2 - D 2 ) 
F — — — • . •• — 1 • ; • o 
p-q ( n 1 + n 2 ) Cn^+n 2-2) + n - ^ D ^ 
Under H D , t h i s F has a F _ + " . , d i s t r i b u t i o n . I f F > F 
° p - q j n ^ n ^ p - l l -c t ,p -q , 
ni+n2""P~l' r e J e c t ^o • I f ^o I s r e j e c t e d , t h i s would mean tha t one or 
more of the p-q variables not in H, c o n t r i b u t e to the d i s c r i m i n a t i o n 
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m • s u m = s u m + c m a t i i . J ) * Z v e c ( j ' ) 
1 5 1 1 1 C O N j I N U E 
1 6 & U F < I ) = S U M 
1 7 1 2 1 C O N j I N U E 
1 8 U O i 3 1 K = 1 , N 
1 9 X V E C ( K ) = o u F ( K ) 4 . U < K ) 
2 0 1 3 1 C O N j I N U E 
2 1 RETuRN 
2 2 < E N U 
W I , _ L l A M S - G * M U L N O R . U N I p 
1 F U N C T I O N I J N I F U ) ' 
2 D A I A I Y / 9 6 5 8 ! / 
3 1 Y = i Y + 3 1 2 5 
4 i F ( i , Y ) 5 , 6 , 6 
5 5 I Y = i V H + 3 t t 3 5 9 7 , 8 3 6 7 
6 6 Y F L = I Y 
7 U M f = Y F L * 2 . 0 * * , - 3 5 > 





—BMTTOTM - bTEPWT̂ t DlSCKIMlNANT~AlWrfsl5 - Wr5ED""M*Y~T7V~T9TT HEALTH SCIENCES COMPUTING FACILITY, IJCLA 
"WuM^E 'R OH V A R I A B L E S 3" 
~Nij l^BER OF bkqUPS~ 
nMuMBER"0F"CASt5 tN~Ef tCH GROUP " 1 0 0 I Q O 
-PRIOR PROBABILITIES .bnuu 
—V7\ R T A E J L E I - O R M A T ' 
75U"00-
DATA INPUT FROM CARDS 
MEANS (THE LAST COLuMN CONTAIN^ THE G R A N D MEANS OVER THE GROUPS USED IN THE 
ANALYSIS) 
VARIABLE 
ACC UNACC ; 
i i . 
2 
1 • 4 9 4 1 0 1.50239 2 . 4 H b l 8 2.51641 






2 . 6 2 1 3 9 
2 . 5 0 1 7 4 
• 2 - 0 9 O 3 6 
2,00*95 
b 1.47164 £ . 4 7 8 5 8 l,97i>il. • 




I . 7 0 1 2 1 . 6 9 8 8 4 
3 . 6 7 7 3 3 1 . 3 2 0 3 7 . 6 8 2 0 6 1 . 3 0 6 3 7 
q 
5 
1 , 0 9 4 6 3 
1 . 0 6 6 2 6 > 
~t. 08999" 
1 . 0 6 7 2 9 
WITHIN GROUPS COVARIANCE MATRIX 
VARIABLES 
VARIABLE 
1 2 4 5 
i 
2 
. 4 9 Q 0 4 
. 2 8 0 6 7 . 4 6 1 9 9 
4 . 2 4 4 4 8 . 3 7 1 8 0 .3CH52 • 2 6 8 2 4 1
^ 7 j j 4 9 g 
. 2 9 3 7 4 1 . 1 9 3 2 0 
b 
"WITHIN GF 
.12571 .28681 ,76773 .88524 1 . 1 3 8 0 0 
TO UPS "CtfRRIT L/\ T I ON MATRIy 
VARIABLES 
1 2 3 5 
89 
l . u o u o t ) — — — — — — : — - - — - — - — — - — — • 
. 5 8 9 0 8 1 . 0 0 0 0 0 
- 7 2 6 5 9 T - . 3 4 5 6 0 " I ^ O P ^ O : " 
, 4 8 6 2 3 » 3 6 1 2 8 _ _ , 2 0 ' * 7 5 ltOOpOp 
. 1 6 8 3 4 7 3 9 5 5 5 , 3 4 7 9 6 " . 7 5 9 6 8 l.OoOOO 
90 
- S T J B P R O b L t M ; I — 
F-LEVEL F O R INCLUSION . 0 1 0 0 
-F-LEVeL~FDT<"-T5ELtTrON iT30SO~ ~ ~ 
T m L E R A N C E LEVEL . 0 0 0 1 
" C O N T R O L " VALUES riTTI : 
"S|EP " N U M B E R 0 " r ~ • 
VARIABLE ENTERED 
V A R I A B L E S N O T I N C L U D E D A N D F T O E N T E R • - . D E G R E E S Q p E R E E D Q M 1 1 9 8 _ _ _ _ _ _ 
_ 1 l p u . 4 2 2 9 2 1 1 1 . 2 8 2 8 3 ' 3 2 « 6 9 5 7 4 _ 4 0 . 5 3 9 0 _ 
5 4 4 . 5 4 8 3 
• » • • • * • » » • » • • • • • • * • • * » • • • • * • * * * * ^ * * * * « * • * • • • * • • • • • • • * * • • • • * • • * • • • • • • • • • • • » • 
STEP NUMBER I 
~V"A"R I A " B T T E ENTERED—2 — ; : — : . — 
" V A R I A B L E S I N C L U ^ t D A N D F T 0 ~ R E M o V E ~ ~ - " D E g REE S - O F F R E E D 0 M ~ l ~ 1 9 8 " ' ~ 
2 1 1 1 . 2 8 2 8 — ~ ~ ~ " ~ :" 
- V T ^ P r A b L E S NO | i N C - L U P g D A N D f f o E N T E R - D E G R E E S - O F ~ F * R E E D o * ! ~ \ 1 9 7 
1 1 4 , 0 9 * 5 ~ 3 3 T 1 Q 6 3 4 4 V T 8 5 5 5 4 . 7 2 6 1 " ; 
- U - S T A 7 T 5 T T C 7 B 4 U T 9 D E G R E E S " 0 K " F R E E D O M I " i V 9 8 " 
A P P R O X I M A T E F l i l . 2 8 2 f t 3 D E G R E E S O F F K E E Q O M 1 l 9 8 . 0 0 
F . M A T R I X - D E G R E E S O F F R E E D O M 1 i 9 8 
GROUP 
— - - a c t — — 
GROUP 
— Q T T / t ^ i l l . 2 8 2 8 2 
F U N C T I O N ~ 
A C C U N A C C 
""VARIABLE • — : — 
2 3 . 2 5 1 9 9 - 5 . 4 4 6 8 7 
CONSTANT 
_ - 3 . 1 3 6 & 3 - - — — — ^ T T S W E m ~~ 
— — - N U M B E R O F : C A S E S C L T S ^ F T E o T ^ N T C r S R O U P " - " — -
A C C U N A C C 
- G H O t t P ~ — : ; — ' 
A C C 7 6 2t, 
— U N A C C : 2 7 J 3 — ; ! •• — H — : — 
~ * " * * * * * * * . * * * ' # ? * * * * * M ' * * * * ^ * 1 ^ * * * * ~**W* "* ̂* * * *V*l|l***1ic * ** ******** s 
SjZP NUMBER 2 " : ~ " ; • : " : — ' : 
V H R I A 3 L E E N T E R E D 1 
91 
V H N I A B I - E S I N C L U D E D A N D F 1 0 R E M O V E - D E G R E E S O F F R E t T J O f T 1 T 5 T 
_ 2 2 1 . 7 7 6 4 " ' ~ T 1 4 7 0 9 4 ~ 5 ~ 
~ V A r T I ^ B L E S N O T T N C T U D e D - A I 
3 1 > 9 7 9 1 Tf . 7 2 9 1 
T O " E N T E ^ ^ O r ^ E E S ' O F F R E E D o W " " 1 1 9 6 
b b t H 6 l 5 
U - S T A y r S T T C 
a p p r o x i m a t e f 
. b y 7 4 5 
6 6 . 3 6 6 4 2 
" U E G r E E s — O f — F R E E D O M " 1 198" 
D E 6 R E E s Of" F R E E D O M 2 l 9 7 f 0 3 
F M A T R I X - D E G R E E S O F F R E E D O M 2 i 9 7 
G R O U P 
g r o u p 
A C C 
U N A C c 6 6 , 3 6 8 4 1 
r-UNCTiWN 
A C C U N A C C 
V A R I A B L E 
1 1 . 8 1 9 ^ 2 . 9 9 6 3 4 
2 2 . 1 4 6 b 3 3 . 6 2 6 5 4 ? • 
C O N ^ I A N T 
- 3 , 6 6 4 * 2 - 8 . 9 8 0 8 1 , < , " , -r- ^ • 
N U M B E R O F C A S E S C L A S S I F I E D I n TO G R O U P . 
G k C U P 
• A C C * U N A C C 






S l E P N U M B E R 3 
" T O l A B L t E N I E R E D 5 — : ! 
A R i A B L E ^ " I N C L U D E I j - A t j 
1 l b . 2 3 6 2 — 
E M q V E " - D E G R E E S O F F R E E D O M 1 1 9 6 
2 1 U . 4 6 3 9 _ 5 " 5 T . & 6 1 6 " 
r - D E C R E E S O F ^ R E E O q M I ~ ~ T 9 5 " 
" 3 " r06~4r 4 3 7 W 4 B 
U ^ S T A t T S T T C 
A P P R O X I M A T E F 
. 5 8 0 1 0 ' D E G R E E s ~ r O f " f * E E d o ' W ~ 7 ~ ~ 3 ~ ~ I ~ 1 9 8 " 
4 7 . 2 9 1 3 7 D E G r E E s 0 * " F R E E D O M 3 l 9 6 , 0 0 
F M A T R I X - D E G R E E S O p F R E E D O M 3 i 9 6 
G R O U P 
g r o u p 
u N A C c 
TTET; UNACC 
VARIABLE 
— j — 1 7 9 W T 3 . i ^ 5 6 a : ~ ~ •. - - — — 
2 1 . 6 7 7 1 0 2 . 6 3 J 7 3 ' ^ 
CONST A m — ' • — — ~ ~ " : ~ 
- 3 . 8 7 i » 3 - 9 . 5 7 2 5 6 
NUMBER OF CASES CLASCIFIEQ INTO GROUP -
— AC C—UNA C C " ' 
GROUP 
*CX 8TJ — " 
UNACC 2 0 gQ ' 
*********************************************^ 
STEP NUMBER 
—VAUlAdLE fc.NTfc.Kfe.U. 4" 
" VM-RRA"ALFS~rNCL"U0Eir Af JLT-FT^CT REMOVE - DEGREES~°F~FREEQOM" r 195 
I 1 ti,02*5 2 5 . 6 T 8 6 - ? T 3 . 4 4 4 8 "~~ 5 ft,6220 ~ 
—y^IABLEb NO| INCLUDED AND h TO ENTER - UBPRETS^r^FTEEPOM 1 1 9 f 
3 1.466U " 
U - S U T 1 5 T I ^ 
APPROXIMATE F 
. 5 7 0 0 3 
36 .772 .13 
DEGREES ô  ̂ KEEDOM 
DEGREES FREEDOM 
4 1 198 
H l95,00 




UNACC 3 6 , 7 7 2 1 2 
-
FUNCTION ACC UNACC 
VARIABLE 
I 2 . 4 8 9 2 3 4 . 2 1 7 8 4 
4 
1.398H1 
- . 7 3 6 8 4 
2 . 3 1 7 0 6 
-1 .36077 
5 1 .238*4 2 . 1 8 6 6 3 
CONSTANT 
- 3 . 9 5 5 5 2 -9 .85936 
NUMBER •( OF i :ASES CLASSIFIED INTO GROUP -
GROUP 
ACC 1 JNACU 
ACT UNAcC ai 2 2 19 78 
*•*»*•***•**•*******#*********** *****************,(,*** * * * * * . * * * * * * * * * * * * : 
"STETP-NUMIJEK ~ 5 " 
VMRIABLE ENTERED 3 
VARIABLES INCLUDED A N P F TO REMOVE - DEGREES OF FREEDOM I 194 
1 1 7 . 7 2 6 6 2 4 , 2 5 9 4 3 1 .4660 4 4 , 8 5 3 2 
5 8 . 2 2 6 5 
U-STATISTIC . 5 6 5 7 5 DEGdEES 0>- FREEDOM 5 1 198 
" APPROXIMATE F 2 9 . 7 8 1 2 1 DEG REE S OF FREEDOM" 5" 1 9 4 , 0 0 " 




UNACC 2 9 , 7 8 1 2 0 





.1 • Z.681*VT 
2 1 .28781 
4 . 9 5 2 6 3 
2 . 1 0 9 8 0 
3 ^ . 3 1 9 0 8 
4 - 1 , 1 3 1 7 8 
- . 5 9 7 9 4 
- 2 . 1 0 0 8 6 
* 
5. 1 . 7 4 5 9 8 3 . 1 3 6 7 9 
CV-'STANT 
- 3 , 9 8 9 8 9 - 9 . 9 0 0 0 5 
_G_RPUP WITH SQUARE OF DIST/\NCE FROM AND POSTERIOR 
L^KGEST PK"OB7 " PR0B A BI U ITT FOR GROUP - ~ " . 
~^RGUP" ACC UN'ATFT 
ACC 
c r A - S E _ _ 1. 
1 ACC 7 , 7 0 3 . 6 6 2 , 9 . 0 5 0 . 3 3 8 * 
— 2 -A"CC- B ; u 5 7 ",9607 1 4 . I , 2 6 — . 0 4 0 ' ' ~ ~ 
3 ACC 4 , 4 9 7 , 7 L 0 » 6 . ? 8 5 , 2 9 0 » 
4 ACC IT, 164 . 6 7 6 • 1 0 . QBJF~7*24~» 
5 ACC 7 , 1 3 7 . 9 9 3 . 1 7 . 0 1 8 , 0 0 7 » 
5 "SCO 1 2 , 0 0 B re73» LB. 356 7 T 2 7 T - : 
7 UNACC 1 0 , 3 7 7 , ? 2 3 » 7 . a 7 6 . 7 7 7 ' 
B -KCZ 97031 7 9 8 8 , 177 3 8 2r -," OL^R 
9 ACC 7 , 7 0 5 , 9 3 4 . 13.r .21 ,Q66» 
IV - A C C " 37435 ,759";—" 5 . 7 3 2 "72437 
11 ACC 2 , 7 2 7 , 5 5 9 » 3.-I$9 . T *4L» 
~ J 2 A"CX 3,BB3 . 6 4 3 , 67GT5 ~ V 5 T 1 
13 UNACC 6 , 2 3 7 . 2 7 1 , 4 , P 5 9 , 7 2 9 » 
14 "ACC 778T6 78177 107^68 -,183"R— 
1 5 ACC 8 , 6 7 0 , 9 6 3 » I 5 . I 7 2 . 0 3 7 * 
1 6 - ACC 2 , 5 8 3 ,O067" 7 . I 2 0 ~ , 0 9 4 f~-
17 ACC B , 2 8 9 , 6 2 2 » 6 . 2 8 9 , 3 7 8 » 
T8 A T C - — 7 , l b 0 79^17—TBTC-,23"—,"T»09R- — — 
• 1 9 ACC 2 , 9 9 6 . 9 5 1 , 8 . 9 3 2 , 0 4 9 » 
" 2 0 — ACC 7 - 2 3 3 —7505 ." 7 . 2 6 9 - , 4 9 5 • — 
94 
—-ZI — ftt€- 876-93 . 9 9 5 , 19.1TJ5 «00b» 22 ACC 6,943 .912, XI...©!** ,,088' 
—-£3 v m z £ ^ * - v & - ^ i 5 v — i i i T & T S ~ ^ 7 t r . — 24 ACC 2,247 ,895. 6. 5 31 ,105» 25 ACC 27D46" ."8057 "4"7A 8*r~ " 7 X 9 5 » 
£6 ACC 4,305 ,987» 12.992 ,013» 2T ACC 5,-926 .955, I27o32~7045' " 28 ACC,, 2 , 9 1 6 ,963, 9 . < | 5 9 ,037* — 2 9 "AXC- 37482 76917 57Q92 ,"3091 30 ACC 6,164 ,775* 8.e36 ,225* 31 — A C C 3,2 49"7F08"7 4.l2 7 ,392 » ~ 32 ACC 7,684 ,907, 12,228 ,093* 315 : PTTACC 11,557 ,0251 VtHQS 7 * 7 5 1 ~ 34 UNACC 7,842 .408, 7.097 .592* 
3S 7VCC 4,931 79297—TC7"O76 .071* 36 ACC 7,483 ,502, 7,;+98 .498* 37~ WACC 67-393 .2697: 4 , 594 . 7 3 I V . 38 ACC 5,529 , 8 4 9 , 8 , 9 8 7 ,15l» 39- UNACC 5,035 ,T6~8~7 37o~22~~~.~732̂  40 A C C5,120 ,605, 5.g77 .395» 41 ATC 3.T47 . 7 5 1 7 5. ^58 .249T~ 42 ACC 7,913 .943, 13.524 ,057* 
^ " A C C 7,99"5-^05T^TDra26~ 7 L N 9 5 V 
44 UNACC 5,120 .492, 5.056 ,508* 
F 5 : ACC 2 7 9 3 9—772T7 -—V T £ 5 & — . 2 / 9 * 
«*6 ACC 8,553 , 9 9 3 , 18.435 . 0 0 7 * 
47 ATC 7,540 79 0 5", lSTrj41 709"5T~- " 
48 ACC 6,731 .560, 7.214 . 4 4 o # / 
4"9 ACC "67̂ 876 .796," 9^^9Q~~20W» 
50 UriACC 5 , 2 8 1 ,?73, 3 . 3 I 8 - . 7 2 7 * 51 ATC 7,203 .695, 11.4*5 .~X05» 52 ACC 10,588 ,855» I 4 . I 4 4 ,145» 53 7TC 6,587 ,9837 T^T^S ."0T7»" 
54 U'jACC 4,793 .235, 2.432 . '65» 
55 DNACC H.75BF -.2927 971>96~*~7'7D"S» 
56 ACC 4,172 .977, ll.ft27 .023» 57" UNACC 7,y83 72507 577BX ^ 5 T J 7 — ~ 58 ACC 6,436 . 7 9 6 , 9.̂ 55 ,204» 59 —A"CC- 47T4T ."958, TOT^ ;042> 
60 ACC 5,114 .846, 8 . 5 2 7 .154' 61 ATC 5.T62" 79337 10".940 7 0 5 7 » " " 
6 2 ACC 3,908 .890, 8 . 3 8 6 , l i O » 
EZ ATC 8,348 . 6 7 8 , "97^9"—7322* 64 ACC 2.651 .957, 8.̂ 41 ,04.3» 
65 o m c c - — 6 7 4 9 4—ru"8 6 , — ^ 7 3 8 1 — 7 5 i w r — 
66 ACC 8,885 .512, 8 . 9 8 4 .488* 67 ATC 4,204 7 l 9 1 S 7 ~ ~ 67gl"6 ~ 
68 ACC 8,966 . 9 3 9 , 17.982 , 0 1 1 » 
E9 ATC" 7,136 . 3797 7.7/3—.421* 70 ACC 8,594 .936, I3.G74 .064» 71 ACC &T687 .~BTJ2, 874BI—,198* 72 ACC 2,788 .793, 5,<|79 #207» IZ ACC—7,^,57—77^37—IO.341—^QT* ~ 74 UNACC 9,053 .391, 8,i70 .609» 75 UMACC 5,18J ,31b> 3.63rj . & 8 5 T 
76 ACC 5,931 .941, H . 4 8 6 .059' 
—^TT A"CC" 27593—7B757-""6T4&LT—."125* " 
-—tb ——*CCE—47772—min—9.411—R°^TR»—•. 
79 UNACC 6,095- ,?7Q, 4# 165 , '22' 
~ — 6 0 A c c — 3 7 4 9 0 — T 5 7 57 V~,~\GW , 4 2 5 1 
81 ACC 5,527 ,960. 11.389 ,040' 
EZ~ AXC~—67995^-7635. 871TT0"T365"» 
83 ACC 2,529 ,542* 2 . 3 6 4 ,458» m AXC 67977 77T77 87̂ 34"—7̂ 83' 
85 UNACC 21,828 .253* 19.662 ,'47» 8~6"~ ACX 37669 78397 6 , 9 6 8 71617 
87 ACC 7,328 ,897» 117 46I. ,103» 
"SB ~ACC 2 ,888 79067 "T7^30—~,'09Wi^~ 
89 ACC 13,101 ,R82» I7.il5 ,118' 9*0 DTTATt ^4,lbU VWE2~t 3T359—7tr3Bi 
91 ACC 10.238 ,948* 16,030 ,052' 
92 ~AXC 3,622 ,9537 977^60—,0477 
93 UNACC 9,537 .476* 9. 343 ,524» 
9^ ACC 4","06T T976 ' 11.5D"9 .024' 
95 ACC 1,625 ,742* 3.742 ,258> 
95 ATC 4,312 .909* 8.92~0 .U91* 
97 ACC 5,943 .988* 14. ?53 _ , 012> 
98 ACC 4,248 ,910> 8 , 3 8 3 ,090» 
99 ACC 10,305 _. 993 »__2 0^36 .007* 
10 0 TIN ACC 679"L 3~ ,389", 6,0 10 ,~6TT» 
BROWP "A~Cc " UmAC C 
• UNACC • __• . 
CASE : ~ ~~ : ~ 
1 U N A C C 8,732 , 1 0 5 » 4 , 4 4 8 ,895» ~2 DTIA"CC" "8,501 7254 • 67348 ""-.746T-
3 ACC 3,365 ,870» 7,i72 ,130» 
~ 4" UNACC—14,319 72^67 T2~7b"9S T ^ ^ l 
5 UNACC 18.899 ,014, 10.326 ,986» ~6 ACC—67T36 7801, "B.glS , 1 9 9 1 
7 UNACC 8,189 ,407» 7,t|32 ,593» 
B ONXCX 7 7 3 7 5 ,T3I7 3 7 5 9 9 - 7 8 6 9 T 
9 U N A C C 8,380 ,Q57. 2,779 # 9 4 3 » 
F0 CT~JA"C~C b,146—72 0 57 3Tq36 7795~* 
1 1 U N A C C 14,334 ,0l8» 6,284 ,982» \Z UMACC ri7059 7l76~» 8,o09~7824» 
1 3 A C C 8,428 ,553. 8,̂ 57 , W » 
UT~ DNAlrC 4-, 083 ,3LT» 2Tb̂ 2 , 6 8 3 1 — 
1 5 U N A C C 10,296 ,073. 5.224 ,927' 16 ACC 3.669 , 8 3 8 » — 6 T 9 F O 7*627 
17 UMACC 3,169 ,483. 3,033 ,517' 18 UNACC 13,372 ,047. "77 ̂ 36", 953 • 
19 ACC 4,378 ,8977 8. 712 ,103' 20 UN AC C 87276 ,332", 6.874 ~668» 21 UNACC 21,418 ,0l4» 12.Q74 ,986» 
UTJATC—-47TJ53—72~9~07 2T26"̂ —,U0» 
23 UNACC 5,219 ,165* I .98O ,835» 
24" ACC -T.T2U 7787* 4T335"--; 2 VS* 
25 ACC 6,050 ,504* 6,G83 ,496' 26 "ACC 2,467 75597 2.937—,44 p 
27 • UNACC 7,887 .097, 3.425 ,903» UNACC 9.615 .142, 6,2!** T 8 ^ * * — " 
29 UNACC 8,545 .069, 3.35l ,93L> 
3U URACC—-?7bU3 .3T87-_T7974"~7682' 
3 1 U N A C C — 3 4 . 9 7 9 . 0 0 1 , l l . 5 b 6 . 9 9 9 * 
3 2 U N A C C 1 4 , 6 9 6 , Q 3 2 , 7 . a 7 8 . 9 6 8 * 
3 3 U V A C C 5 , 6 0 6 7 3 8 6 , 4 . " a 7 9 " , 6 1 4 > 
3 4 U M A C C 1 3 , 4 6 8 . 0 4 6 , 7 . , i l l , 9 5 4 ' 
3 5 " D T T A U C — 1 4 7 5 4 2 - 7 0 1 7 7 " 6 . 4 7 1 " ~ . 9 8 3 ' 
3 6 U N A C C 8 , 1 2 1 . 2 1 3 , 5 . 5 0 7 , 7 8 7 ' 
_ _ 3 7 _ U T 7 A X C 1 3 , 0 1 7 . 0 1 7 , ff7%33 7 ^ 8 3 1 
3 8 U N A C C 1 0 , 2 8 4 . Q 6 9 » 5 . 0 6 8 . 9 3 1 ' 
2 9 U W C C — 1 » 7 8 7 5 T l 2 T » — ~ " 3 7 o T 6 — ; 8 7 3 T ~ 
4 0 U M A C C 8 , 5 5 3 , 4 4 3 » 8 . 0 9 l . 5 5 7 * 
4 1 " U r j A C C — 1 0 , 9 2 7 — , i " 6 5 , " 7 7 &B6~~7835>" 
4 2 U M A C C 1 1 . 2 0 2 „ 0 4 4 , 5 . . q 6 6 . 9 5 6 ' 
— - 4 - 3 U T T A C C 7 , 2 9 6 . T T O ~ » ~ 3 7 T 2 3 — ; " * 9 0 " » 
4 4 A C C 4 . 6 5 1 , 8 7 0 » 8 . 4 6 O , 1 3 0 ' 
4 5 -VimCZ 8 7 9 8 7 7 3 X 3 7 7 7 4 l € T • 6 8 7 * 
4 6 U N A C C 1 2 , 1 7 0 . 0 5 8 , 6 . 5 8 I , 9 4 2 ' 
4 7 " D 7 T A C C — 1 0 7 4 T T 9 7 r 5 8 7 ~ — 7 , n 9 9 " 7 8 4 2 ' 
4 8 U N A C C 1 3 , 3 9 1 , c l 8 , 5 . ^ 5 7 , 9 8 2 * 
— 4 - 9 u - i a c c a , 8 b i . ~ 2 9 i , / . o ' r — 7 7 W » " — " 
5 0 U M A C C 1 2 , 8 1 6 . 2 2 1 , 1 0 , 3 0 0 . 7 7 9 ' 
5 1 " — A C C 4 , 7 7 1 — 7 7 3 2 7 " 6 7 7 8 l _ " 7 2 6 - 8 " * 
5 2 U N A C C 1 3 . 2 2 2 , Q 1 5 » 4 . 7 9 0 , 9 8 5 ' 
5 3 u n a c c i y , 5 8 7 . 0 1 9 , " ~ n 7 7 4 - 2 . ^ a r r » 
5 4 A C C 2 , 6 9 6 , 6 6 6 , 4 . a 7 9 , 3 3 4 ' 
— s s nrmtx—it>.3<i4 , o l b 7 — & , i i o , 9 8 4 1 — 
5 6 U M A C C 9 , 7 5 8 , 1 5 6 » 6 . ^ 0 5 . 8 4 2 ' 
— 5 7 — a x c 3 7 9 7 2 — ; 5 " 2 i 7 4 7 7 4 1 — ; 4 7 g r — 
5 8 U N A C C 7 , 9 7 1 , 2 0 9 » 5 . 3 1 2 , J 9 1 » 
5 9 " " ^ D ' T A C C - 6 ; 4 9 5 ; ¥ 0 2 7 ~ ' 5 , " 7 G 0 ~ , 5 9 8 , 
6 0 U M A C C 5 . 6 8 8 , 2 7 9 , . 3 , 7 9 3 , 7 2 1 ' 
. b l — U N A C C 1 2 . 8 8 8 , ft 9 ! 2 1 8 . 3 0 6-~79CTcP 
6 2 A C C 2 . 6 0 4 . 5 1 5 * 2 . 7 2 2 , 4 8 5 ' 
6 3 ~ "UUA-CC 1 2 , 5 1 7 7C~4~37 " 6 7 T 3 3 3 . 9 5 7 ' 
6 4 U N A C C 1 5 . 0 5 0 . 0 4 8 , 9 , 0 7 7 , 9 5 2 ' 
6 5 I T M A C C 7 , 4 4 9 . 1 5 7 , 4 , n 8 9 " , 8 4 3 ' T 
6 6 A C C 5 , 9 2 5 , 8 1 3 , 8 , 3 6 9 , 1 8 7 ' 
F 7 — — U M A C C 1 2 , 5 3 0 . 0 6 2 , 7 , n 9 b . 9 3 - 8 1 - — 
6 8 U M A C C 9 , 2 3 1 , 4 l 4 » 8 , 5 3 8 , 5 8 6 ' 
6 9 — " t t T A T C 9 . 0 2 9 . 1 6 3 » 5 . 7 5 r — f - b S 7 r ~ — 
7 0 U N A C C 6 , 3 1 3 , 1 5 6 , 2 - . 9 3 1 . 8 4 4 ' 
7 1 U M A C C 1 0 , y 3 3 7 1 5 5 7 7 7 5 9 5 — , 8 4 5 » 
7 2 U M A C C 1 5 , 9 5 7 , C 3 0 » 9 , 0 0 1 , 9 7 0 ' 
7 3 CP-JAXC 1 2 , / 9 1 . 0 2 2 7 5 7 " i b 9 . - 9 7 8 ^ 
7 4 U N A C C 6 , 4 3 0 . 4 3 6 7 5 , g l 4 , 5 6 4 ' 
7 5 " D T T A T C 4 7 6 5 8 , ? 5 l , 2 . 4 7 3 . 7 4 9 * 
7 6 U N A C C 6 . 2 1 1 . 3 2 8 , 4 . 7 7 7 . 6 7 2 ' 
71 U N A C C — 1 4 . 1 i y 7 0 1 8 7 6 7 1 3 7 . 9 8 2T ' 
7 8 U N A C C - 8 , 8 6 0 , C 6 1 » ' 3 - , 3 9 6 ' , 9 3 9 ' 
— 7 9 - A C C b , 2 b H 7 5 ? 6 » 5 7 ^ 1 2 , 4 b 4 * — 
8 0 U M A C C 1 1 , 8 4 9 , 0 7 7 » 6 , a 8 2 , 9 2 3 ' 
" — 5 1 ~ W A C C - 8 " . 2 9 0 7 c 3 4 ^ 2 7 5 5 4 " — 7 * 4 * 1 
8 2 U N A C C 1 0 , 9 0 2 , 1 0 8 * 6 , 6 8 7 . 8 9 2 ' 
S 3 D T J A C C - ^ 3 0 " 0 3 6 ^ 7 c l 6 7 2 1 7 7 9 B ^ . 9 8 T r » — ~ 
8 4 U M A C C 6 , 5 6 9 , 2 0 0 * 3 . 7 9 5 , 8 0 0 ' 
tT5 • — U N A C C 9 , 2 9 7 7 7 9 5 7 7 . 5 5 8 . 7 0 5 * ~ 
8 6 U N A C C 4 , 3 4 8 . 3 1 8 * 2 . ^ 1 8 , 6 8 2 ' 





! U , b b 3 
1 0 , 8 7 0 
. 0 4 0 * 
. 4 6 5 . 








3 . 6 1 1 
1 6 , 0 6 9 
. 4 9 6 . 
. 0 4 2 * 
5. 578 
9 . 3 0 3 




A C t 
UNACC 
2 . 7 1 0 
5 . 6 0 2 
• 666* 
. 1 2 2 . 
4. n86 
1 .6^6 






5 , 9 1 7 
3 , 3 2 7 




. o ' 5 » 





5 , 7 0 7 
6 , 0 9 8 
• 3 2 8 * 
• fl79» 
4 . 2 7 0 
10. 057 
, b / 2 » 





1 3 , 6 3 5 
6 , 2 3 6 
. 0 3 0 * 
• 6 0 4 * 
6".639~ 7.n84 
, 9 7 0 » 
,396» 




UN A CC 
• c L A S q i F i E o INTO GROUP -
GROUP 
AcC 8 0 
"" UNACC " IV 
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—SRJ^ATJT-TA&TE" 
STEP VARIABLE F VALU£ TO NUMBER OF U-STATLSTIC 
NUMBER—ENTERED—RSHOVED—"ENTE^ " 0 R REMOVE -—VARIA»LES INCLUDED " - ~ 
1 2 I I L.2828 1 , 6 4 0 2 
-2 J— — JT».0 9^5 2 ,5974 — 
3 5 5 . 8 6 T 6 3 . 5 8 0 1 
tf q 3 . 1 ^ - 3 -f , 5 7 0 0 " 
5 3 1 .46 F T 0 5 ,5658 
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